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REMARKS 

Claims 30, 31, 32, 44, 45, and 46 have been cancelled. Claims 1-43 and 
47-49 are now pending in the application. Claims 1, 3, 4, 6 f 8, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 33, 34, 35, 36, 37, 40, 41, 42, 43, 47, 48, 
and 49 have been amended. Claims 50, 51, 52, and 53 have been added. No 
new matter has been added by amendment. Reexamination and 
reconsideration of the claims as amended are respectfully requested. 

Claim Objections 

2. The Examiner objects to claims 8 and 27 for being in improper form 
because a multiple dependent claim should refer to other claim in the alternative 
only. Claims 8 and 27 have been amended and are now in proper form. 

Claim Rejections - 35 (JSC § 112, second paragraph 

3. The Examiner rejects claims 1-49 under 35 U.S.C. 112 second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 

The Examiner rejects claims 1, 6, 12, 14, 21, 25, 31, 33, 37, 40-42, and 
44-46 and the claims that are dependent thereon as indefinite due to the 
recitation of "PH77V M . The Examiner states that, "Amending claims 1, 6, 21, 25, 
37, and 40 to recite the ATCC deposit number in which seed of com inbred line 
PH77V has been deposited would overcome the rejection." Claims 1, 6, 21, 25, 
37, and 40 have been so amended and the ATCC deposit receipt is attached to 
this response. 

The Examiner rejects claims 3 and 22 for the recitation of "wherein the 
plant is male sterile". The Applicant traverses the rejection but has amended the 
claims for clarification purposes and to expedite prosecution. Claim 3 has been 
amended by replacing "male sterile" with -detasseled- as suggested by the 
Examiner. The Examiner suggests that a new claim be directed towards a 
method of producing a male sterile maize plant comprising transforming the 
maize plant of claim 2 with a nucleic acid that confers male sterility, and another 
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claim directed toward the male-sterile plant produced by the method of 
transforming. Claim 22 has been amend d and now reads, "The maize plant of 
claim 2 ( wherein genes controlling male sterility have been transferred into said 
maize plant through crossing, wherein PH77V is a recurrent parent, and wherein 
said plant has essentially the same morphology and physiology of inbred maize 
line PH77V other than the trait of male sterility." Starting on page 1, line 35 and 
going through line 14 of page 3 of the specification it states that various genes, 
nuclear and cytoplasmic, have been used to control sterility in maize plants. In 
the specification on page 4, lines 7-13, it states, "Backcrossing can be used to 
transfer a specific desirable trait from one inbred or source to an inbred that 
lacks that trait This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
carries the appropriate gene(s) for the trait in question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recurrent parent." The technique of backcrossing male sterility genes into an 
inbred maize plant is well known and well understood to one of ordinary skill in 
the art. The technique has been successively used since the 1950's (see pages 
585-586 of Wych, 1988 included in the Information Disclosure Statement). The 
amendments contain no new matter. The Applicant requests reexamination and 
reconsideration of the claims as amended. 

The Examiner rejects claims 5 and 24 because there is no antecedent 
basis for 'protoplasts". The Applicant has amended claims 4 and 23. The 
claims now read, °A tissue culture of regenerable cells or protoplasts from the 
plant of claim 2 {21}.* Thus the term "protoplasts" in claims 5 and 24 which 
depend from claims 4 and 23 respectively, has proper antecedent basis. The 
amendments place the claims in condition for allowance. 

The Examiner rejects claims 14, 33, 41, 45, and 46 because they contain 
terms such as "high," "excellent," H good," and "early" which "do not reasonably 
apprise one of the scope of the invention." Claims 45 and 46 have been 
cancelled. Claims 33 and 41 have been amended and no longer include such 
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terms or traits. Claim 14 has be n amended and no longer includes such terms 
as " xc llent'\ Claim 14 now reads, "A maize plant, or parts thereof, wherein at 
least one ancestor of said maize plant is the maize plant of claim 2, said maize 
plant expressing a combination of at least two PH77V traits which are not 
significantly different from PH77V traits when determined at a 5% significance 
level and when grown in the same environmental conditions, said PH77V traits 
selected from the group consisting of: a relative maturity of 85 based on the 
Comparative Relative Maturity Rating System for harvest moisture of grain, grain 
yield, early growth, flowering time, female characteristics, male characteristics, 
and stalk lodging resistance." Applicant points out that claim 14 has been 
amended to clearly define the traits of PH77V that could be found in a maize 
plant produced from PH77V. Applicant has amended the claim using the term 
"not significantly different from PH77V traits when determined at a 5% 
significance level..." as a definitive term. In the specification pages 39-50, the 
tables show mean trait values. The standards against which the listed traits 
should be compared are the mean values for those traits exhibited by PH77V or 
a maize plant produced from PH77V in a side-by-side comparison or under other 
similar environmental conditions. For example, on page 36 lines 2-6 of the 
specification it discusses that inbred PH77V produces significantly higher grain 
yield and sheds pollen significantly earlier and grows significantly taller than 
inbred PHR25. Applicant also points out that one of ordinary skill in the art of 
plant breeding would know how to evaluate the traits of two inbred maize lines to 
determine if they are not significantly different to a 5% significance level in the 
expression of a given trait On pages 275-276 in Principles of Cultivar 
Development (1987) Fehr writes "Two or more independent comparisons of lines 
in a test provide a means of estimating whether variation in performance among 
lines is due to differences in genetic potential or to environmental variation/ A 
copy of Fehr, pages 261-286, is attached to this Amendment and Request for 
Reconsideration as Appendix A . As was done by the Applicant in the 
specification, mean trait values would be used to determine whether the trait 
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differences are significant. Further, the claim, as amended, requires that the 
traits be measured on plants grown in the same environmental conditions. 

The Examiner rejects claims 16 and 35 because of improper antecedent 
basis and has suggested that the recitation "com plant breeding program" be 
replaced with -method-. Claims have been amended as suggested by the 
Examiner thus placing them in condition for allowance. 

The Examiner has rejected claims 19, 20, 48 and 49 for improper 
antecedent basis. Claims 19, 20, 48 and 49 have been amended and are now in 
proper form for allowance. 

The Examiner rejects claim 40 because of the recitation of the word 
"comprising". The Examiner states that the claim is indefinite because it "does 
not clearly indicated how many crosses are to be performed by the method." 
Claim 40 has been amended to specify the first generation (F1) plant 
Dependent claim 41 has also been amended to reflect the change in claim 40. 

Claim Rejections - 35 USC § 112, first paragraph 

4. The Examiner rejects claims 9-20, 28-39, 41-49 are rejected under 35 
U.S.C. 112, first paragraph, as containing subject matter which was not 
described in the specification in such a way as to reasonably convey to one 
skilled in the art that the inventors, at the time the application was filed, had 
possession of the claimed Invention, The Applicant traverses the rejection. 

The Examiner rejects claims 9, 10, 28, and 29 that are directed to F1 
hybrids produced with PH77V as a parent. Applicant notes that a claim to the F1 
hybrid made with a deposited inbred was expressly acknowledged without 
reservation by the United States Supreme Court In 1EM Ag. Supply, Inc. v. 
Pioneer Hi-Bred Int'l, Inc., 60 USPQ 2d 1865,1873 (S.Ct. 2001), when the 
Supreme Court wrote, "...a utility patent on an inbred plant line protects the line 
as well as all hybrids produced by crossing that inbred with another plant line." 

Furthermore, one of ordinary skill in the art would know if they were using 
or one could easily identify if they were using PH77V. All F1 plants would have 
essentially the same genetic markers as the deposited PH77V. It is well known 
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to anyone skilled in the art that a hybrid has a genome with one set of the alleles 
from ach inbred. Therefore the genetic profile exhibited in the deposit would be 
xhibited in the hybrid. As stated in the specification on page 16, lines 8-23, 
there are many laboratory-based techniques available for the analysis 
comparison and characterization of plant genotype such as Restriction Length 
Polymorphisms (RFLPs) and Simple Sequence Repeats (SSRs). Such 
techniques have been known for some time and may be used to identify whether 
or not PH77V was used to develop a hybrid. The Applicant also submits to the 
Examiner the journal article by Berry et al. (2002). This article discusses the 
probability of identifying the parents of the hybrid by SSR data when neither 
parent is known. A copy of article by Berry et al. is attached to this Amendment 
and Request for Reconsideration as Appendix B. The results of the experiment 
showed that using 100 SSR loci markers resulted in correct parental ranking of 
inbreds for 53 out of 54 hybrids. Applicant also points out that any breeder of 
ordinary skill in the art will know the identity of both parents used to produce a 
hybrid. 

The Examiner broadly rejects product claims encompassing any 
modification of PH77V, no matter how minor the modification or routine the 
modification is for a breeder of ordinary skill in the art to make. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which Applicant files a patent application. Once developed, the inbred line is 
useful for two purposes; (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain its desired 
characteristics. A breeder desiring to make a line with similar traits to PH77V 
would be greatly advantaged by being able to use PH77V as starting material. 
This is because the linked genes arranged through Applicant's breeding efforts, 
and fixed in PH77V, can be maintained in the progeny of PH77V by a breeder of 
ordinary skill in the art. For example, if a breeder of ordinary skill in the art 
desired an early maturity version of PH77V, the breeder could cross PH77V to 
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an earlier maturing variety, select for progeny with at least two desired PH77V 
traits that also express early maturity, and continue selecting for the traits of 
PH77V combined with early maturity. Optionally, the breeder could backcross to 
PH77V to obtain further genetic contribution from PH77V. The end result is the 
development of an inbred line with substantially all of the benefit of Applicants 
work but with only a fraction of the effort. 

Specifically, in rejecting the claims for lack of written description, the 
Examiner states, "the specification also does not describe the plants produced 
by the corn breeding programs, transgenic PH77V plants, PH77V plants 
comprising single gene conversion(s), or by crosses wherein at least one 
ancestor is the corn variety PH77V, other than PH77V/PH4V6. The 
morphological and physiological traits of the corn plants that are crossed with 
PH77V, and with progeny of that cross, are unknown, and the description of 
progeny and descendents of corn plant PH77V are unknown. The description of 
PH77V is not indicative of the description of plants and seed produced by the 
breeding programs and crosses, or any of its descendents. The claimed 
invention also encompasses plants that express at least two of the 'PH77V traits 1 
listed in claims 14, 33, 41, 45, and 46. However, to say that a plant expresses 
two traits of another plant is not sufficient information to describe that plant, as 
numerous com plants express at least two of the same traits as those expressed 
by PH77V. Two plant traits do not provide any description of the other trarts of 
the plant. It is possible that the claimed plants inherited the genes governing 
those traits from an ancestor other than plant PH77V. For, example, Puskaric 
(U.S. Patent No. 5,977,456) describes a com plant, designated 'PH1M7,' which 
has at least two trarts in common with PH77V, high grain yield and a relative 
maturity of approximately 85 based on the Comparative Relative Maturity Rating 
System for harvest moisture of grain, for example (col. 10, lines 49-59). The 
instantly claimed com plants could have PH1M7 as an ancestor, as well as 
PH77V, in which case the dry down and flowering traits, for example, could have 
been inherited from PH1M7. The claims also encompass plants that do not have 
to express any of the traits that are expressed by PH77V." 
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Applicant notes that Examiner's comments represent a change of patent 
office policy. In numerous previous cases involving the protection of germplasm 
and progeny claims, including cases allowed after the recently adopted written 
description guidelines, the listing of traits was previously required by the patent 
office as a way to meet the written description requirement with respect to 
progeny. One reason for using traits as a means of description is because it 
was, and still is, technologically impossible to sequence the entire genome of a 
specific variety. 

If it was possible to sequence the genome of a variety, PH77V could be 
described and compared to the prior art to identify its unique genetic sequences 
and sequence combinations, and presumably, claims to progeny retaining those 
unique genetic aspects would be allowed by the patent office. This would be 
analagous to the way claims are examined for individual short genetic 
sequences and claims allowed for any plant comprising a specific transgene. 
Applicant asserts that the fact that technological tools do not exist to fully 
describe the unique characteristics of the full genome of PH77V does not make 
the progeny lines derived therefrom any less entitled to adequate patent 
protection. It is the purpose of the patent law to protect new and useful 
processes, compositions of matter and improvements thereof. 35USC 101 . 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 
1382. In that case the Examiner desired that Tanksley claim according to 
sequence data to "better characterize the cDNA clones" and "facilitate a 
complete search of the prior art" and issued a 112 first paragraph written 
description rejection. The Board held that "the section 112 rejection amounts to 
a requirement... that the appellants amend their claims In a specified 
manner... We find no language in the statute or case law which would support 
that requirement" The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "In our judgement, a 
patent applicant is entitled to a reasonable degree of latitude in complying with 
the second paragraph of 35 U.S.C. 112 and the examiner may not dictate the 
literal terms of the claims for the stated purpose of facilitating a s arch of the 
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prior art. Stated another way, a patent applicant must comply with 35 U.S.C. 
112, second paragraph, but just how the applicant does so, within reason, is 
within applicant's discretion." Id. at 1386. 

Applicant has amended claims 17, 33 and 36 to limit the progeny covered 
to those within a pedigree distance of two crosses away from PH77V. Claim 41 
is limited to one cross away from PH77V by virtue of dependency. Within the 
plant breeding arts breeders use pedigree as a means to characterize lines in 
reference to their progenitors. To those of ordinary skill in the art, this indicates 
that a line fewer crosses away from a starting line will be, as a whole, more 
highly related to the starting line. Thus, the work of the original breeder in 
developing the starting line will be retained in the closely related progeny. More 
specifically, traits and linkage groups present in PH77V will be retained in 
progeny that are within 2 outcrosses from PH77V. Applicant submits that 
characterization of the progeny of PH77V by virtue of their filial relationship is 
clearly within reason. Not only are filial descriptions used by breeders to 
evaluate materials for use in their breeding programs, but it is standard practice 
within the plant breeding Industry for licensor's of inbred maize lines to retain a 
royalty from lines developed through the use of their inbreds. Those royalties 
are, in almost all cases, based on the filial relationship between the licensed 
inbred used in breeding and the progeny line commercialized. This provides 
evidence that those of ordinary skill in the art of plant breeding describe progeny 
in terms of pedigree. 

The Applicant also notes that the mere fact that the progeny have not 
been created does not prevent them from being patented. As stated in MPEP 
2163 (3) (a), "An invention may be complete and ready for patenting before it 
has actually been reduced to practice." As stated in the written description 
guidelines "an applicant shows possession of the claimed invention by describing 
the claimed invention with all its limitations using such descriptive means as 
words, structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. Possession may be shown in a variety of ways, including... by 
describing distinguishing identifying characteristics sufficient to show that the 
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applicant was in possession of the claimed invention." 1255 Official Gazett 140 
(Feb. 5, 2002). Pedigree, which is a formula used by plant breeders, is a 
distinguishing identifying characteristic in compliance with the written description 
guidelines. Further, the Examiner must evaluate written description by the 
claimed invention with all of its limitations, including the limitation of being 
derived torn PH77V. 

PH77V-derived progeny are described by the fact that PH77V is utilized in 
a breeding program to make the PH77V-derived progeny, PH77V gives genetic 
contribution to the PH77V-derived progeny, and the genetics of PH77V are 
described by ATCC deposit of PH77V seed. By limiting the progeny to 2 or less 
crosses away from PH77V, the Examiner's concern that the progeny may be 
only distantly related to PH77V is addressed. In Enzo vs. Gen-Probe, U.S. State 
Court of Appeals for the Federal Circuit, 63 USPQ 2d 1609, the court reversed 
its prior decision regarding the insufficiency of the deposited genetic probes to 
meet the written description requirement. In so holding, the court stated, " As the 
deposited sequences are about 850, 8500, and 1300 nucleotides long, there 
are at least hundreds of subsequences of the deposited sequences, an unknown 
number of which might also meet the claimed hybridization ratio. Moreover, 
Enzo's expert, Dr. Wetmur, stated that 'astronomical' numbers of mutated 
variations of the deposited sequence also fall within the scope of those claims, 
and that such broad claim scope is necessary to adequately protect Enzo's 
invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of 
Enzo's invention. The defendants assert that such breadth is fatal to the 
adequacy of the written description. On the other hand, because the deposited 
sequences are described by virtue of a reference to their having been deposited, 
it may well be that various subsequences, mutations, and mixtures of those 
sequences are also described to one of skill in the art. We regard that question 
as an issue of fact...," 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art 
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would know if PH77V were utilized in a breeding program by looking at the 
breeding r cords and ther fore would know if a progeny w re derived from 
PH77V. PH77V is a unique inbred, as evidenced by the morphological and 
physiological traits given in Table 1, pages 18-20, of the application. Routinely 
used molecular techniques, discussed on page- 16, lines 8-23 of the application, 
can be used to verify whether PH77V is within the pedigree of a line. 

Applicant would also like to emphasize that PH77V cannot be derived 
through any other means then through PH77V seed and plant, nor can the 
influence of PH77V on the progeny be removed from a line within 2 outcrosses 
of PH77V. This fact also highlights the different perspective between the 
Examiner and the Applicant regarding the scope of the claims. The Examiner 
believes the claims to progeny to be of great breadth. However, to view these 
claims as being of great breadth merely because a large number of plants could 
theoretically fall within its scope ignores an essential limitation of the claim; that 
only a plant developed through the use of PH77V is within the scope of the 
claim. Such a plant could not be independently derived without the use of 
PH77V, so the claim would not in any way restrict the work of a breeder that did 
not in. fact use PH77V. A breeder infringing such a claim must have made a 
conscious choice to use PH77V in order to obtain some or all of PH77V's 
desired characteristics. Compliance with the written description requirement is 
essentially a fact based inquiry that will "necessarily vary depending on the 
nature of the invention claimed/' Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In 
re DiLeone, 436 F2d. 1404, 1405). Thus, the compliance with the written 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny, progeny which but for Applicant's creation of PH77V could never have 
existed. This is in harmony with the statement in section 2163 of the MPEP that 
"the written description requirement promotes the progress of the useful arts by 
ensuring inventions are adequately described in the specification in exchange for 
the right to exclude." That quid pro quo of patent law has been met by the 
Applicant in the present case, and to use written description to deny adequate 
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patent protection would be contrary to the stated purpose of the written 
description requirement. 

Th, Examiner goes on to rej ct claims to PH77V plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. 
Applicant notes that examples of traits and single gene conversions are given in 
the specification, page 22, lines 34 through 35 line 2. Even if more than one trait 
is affected by the transgene, the genetics of PH77V will be only minimally 
affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits, the Applicant points out that they are 
not claiming so broadly as to claim any maize plant, regardless of source, 
comprising those traits. The Applicant is claiming PH77V, or a limited set of 
plants derived therefrom, that retain significant features of PH77V, Applicant has 
made an enabling deposit of PH77V with the ATCC, and the Applicant is seeking 
a fair scope of protection as the quid pro quo for the teaching in the specification 
and the deposit of the material. The insertion of one or a few genes into a 
genome that is estimated to have over 50,000 to 80,000 genes (Xiaowu, Gai et 
al„ Nucleic Acids Research, 2000, Vol. 28, No. 1, 94-96) is a minor change to 
PH77V and will not prevent one of skill in the art from identifying the plant as 
PH77V. fn addition, to expedite prosecution, Applicant has amended claim 11. 
Claim 1 1 now reads, The maize plant, or parts thereof, of claim 2, wherein the 
plant or parts thereof have been transformed so that its genetic material contains 
one or more transgenes that confer a qualitative trait." Qualitative traits, as 
described in an introductory plant breeding book, are traits that "have 
phenotypes that can be divided into discrete classes... They are controlled by 
one or a few major genes whose expression is not influenced markedly by the 
environment" (Fehr, W., Principles of Cultivar Development , vol.1, 1987, page 
26). Claim 30 has been cancelled. The Examiner has suggested that claims 1 1 
and 30 be amended to list the types of transgenes contemplated in the 
specification, for example disease or pest resistance genes, provided the prior 
art teaches those isolated genes. The Applicant believes that an amendment as 
suggested by the Examiner is limiting the scope to which the Applicant is 
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entitled. Exampl s of specific transgen s are given in the specification and one 
of ordinary skill in the art would be able to determine additional transgenes that 
may be used. Th Examiner states that, "Transgenes may also be of any gene, 
including those that effect more than one trait. For example, a transgene that is 
a transcription factor can effect more than just one gene, and multiple traits. 
Such plants would express different morphological and physiological traits from 
PH77V, which are not described." Applicant points out that the molecular profile 
of such a plant would be substantially unchanged and therefore one would be 
able to identify such a plant. The Applicant amends with traverse in order to 
expedite allowance. 

The Examiner rejects claims 12, 13, 31, and 32. Claims 12 and 31 are 
drawn to the method of crossing a PH77V plant containing a transgene with 
another plant. Claims 13 and 32 are to the plant made from the method. Claims 
31 and 32 have been cancelled. Claims 12 and 13 have been amended for 
clarification purposes. Applicant points out that the methods are fully described. 
Furthermore, one of ordinary skill in the art would know if they were using or one 
could easily identify if they were using PH77V or PH77V further containing a 
transgene to develop a hybrid. All F1 plants would comprise essentially the 
same genetic markers as the deposited PH77V. It is well known to anyone 
skilled in the art that a hybrid has a genome with one set of the alleles from each 
inbred. Therefore the genetic profile exhibited in the deposit would be exhibited 
in the hybrid. The plant of claim 13 would have the genetic profile of PH77V 
except at the site of integration of the transgene. The change of one to a few 
genes out of an estimated 50,000 to 80,000 genes is a minor change and will not 
prevent one of ordinary skill in the art from identifying the plant as PH77V. One 
of ordinary skill in the art would also know how to cross PH77V containing a 
transgene with another plant to produce a hybrid. Thus, the Applicant has 
described the invention with sufficient specificity to enable others to make and 
use the invention. In light of the arguments and amendments, the Applicant 
requests that the Examiner withdraw his rejection to claims 12 and 13, 



20 

Received from < 515 334 6883 > at 1/6103 6:15:11 PM [Eastern Standard Time] 



01/06/03 MON 18:21 FAX 515 6S83 PIONEER HI -BRED DSM 



©028 



SN: 09/759,759 

The Examiner also rejects claims 37-39 under 35 USC § 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor, at the time of the application was filed, had possession of 
the claimed invention. Claims 37-39 are clearly directed to growing out an F(1) 
hybrid in which PH77V is a parent and searching for PH77V inbred seed. Due to 
the imperfect process of seed production parent seed can sometimes be 
contained in the hybrid seed bag. The claims merely claim the method of 
searching for inbred PH77V seed within a bag of hybrid seed. The method is 
also clearly described in the specification on page 5, line 21 through line 7 on 
page 6. The Applicant requests that the Examiner withdraw his rejection to 
claims 37-39. 

Lastly, The Examiner has rejected certain method claims under written 
description. Applicant points out that the methods are fully described, as is the 
starting material in the method, PH77V. One of ordinary skill in the art would 
know how to cross PH77V to develop an F1 hybrid and also how to self plants 
derived from crosses with PH77V for the purpose of developing an inbred plant. 
In Ex parte Parks, 30 USPQ 2d 1234 (B.P.AJ. 1994), the Board of Appeals 
stated, "Adequate description under the first paragraph of 35 U.S.C. 112 does 
not require literal support for the claimed invention- Rather, it is sufficient if the 
originally-filed disclosure would have conveyed to one having ordinary skill in the 
art that an appellant had possession of the concept of what is claimed." 
Emphasis added. In J.EM. Ag. Supply, the Supreme Court also acknowledged 
the value of a newly developed line in further breeding, when it stated that, \ ..a 
breeder can use a plant that is protected by PVP certificate to 'develop' a new 
inbred line while he cannot use a plant patented under §101 for such a purpose." 
Id. at 1873. In light of the amendments to the claims and the foregoing 
arguments the Applicant requests reconsideration of the rejection under the first 
paragraph of 35 U.S.C. 112. 
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5, Th Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. 
Applicant traverses the rejection. 

The Examiner rejects claims 18-20 and 47-49 that are directed to PH77V 
inbred maize plant further comprising one or more single gene conversions. 
Claims 18 and 47 are directed to PH77V that contains a gene that has been 
transferred to PH77V through traditional breeding methods. The claims have 
been amended to expedite prosecution, Claim 18 now reads, "The maize plant, 
or parts thereof, of claim 2, further comprising one or more genes that confer a 
qualitative trait and have been transferred into said maize plant through breeding 
methods that utilize PH77V as a recurrent parent" Claim 47 now reads, "The 
maize plant, or parts thereof, of claim 2, further comprising one or more genes 
that have been transferred into said maize plant by utilizing PH77V as a 
recurrent parent and wherein the maize plant, or parts thereof, are essentially 
unchanged from inbred maize line PH77V." New claims 50, 51 f 52, and 53 have 
been added and are also directed to plants wherein traits have been 
backcrossed into PH77V and the method of backcrossing traits into PH77V. 
These claims include lists of traits. Once again the Applicant would like to point 
out that one of ordinary skill in the art would be able to detect a PH77V maize 
plant that contains genes that have been inserted through crossing. The 
genetics would be substantially the same as PH77V as would the morphological 
and physiological traits of PH77V. The specification states, "A further 
embodiment of the invention is a single gene conversion or introgression of the 
maize plant disclosed herein in which the gene or genes of interest (encoding the 
desired trait) are introduced through traditional (non-transformation) breeding 
techniques, such as backcrossing (Hallauer ef a/, 1988)." 

The Examiner has cited articles and states that they leach that it is 
unpredictable whether the gene or genes responsible for conferring a phenotype 
in on plant genotypic background may be introgressed into the genetic 
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background of a different plant, to confer a desired phenotype in said different 
plant" The Examin r states that, "Hunsperger et al. teach that the introgession 
of a gene in one genetic background on any plant of the same species, as 
performed by sexual hybridization, is unpredictable in producing a single gene 
conversion plant with a desired trait (column 3, lines 26-46). " This is not what is 
taught by Hunsperger et al. Hunsperger et al. teaches that a gene that results in 
dwarfism of a petunia plant can be incorporated into other genetic backgrounds 
of the petunia species (See column 2, line 67 to column 3> lines 1-4). 
Hunsperger et al. merely discusses the level of the expression of that gene 
differed in petunia plants of different genetic backgrounds, Hunsperger et al. 
succeeded in Incorporating the gene into petunia plants of different genetic 
backgrounds. Therefore Hunsperger et al. demonstrate that one of ordinary skill 
in the art can use traditional breeding methods to obtain maize plants containing 
genes that confer a qualitative trait The specification provides ample disclosure 
of starting materials such as maize inbred PH77V, a discussion of traditional 
breeding methods that may be used, and examples of transgenes and naturally 
occurring genes. Please note in Hallauer et al. (1988) on page 472, submitted in 
the information disclosure statement, it states that, "For single gene traits that 
are relatively easy to classify, the backcross method is effective and relatively 
easy to manage." 

The Examiner goes on to state that, "Kraft et aL teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotypic 
specific and loci-dependent in nature (page 323, column 1, lines 7-15)/ 
Applicant disagrees that the article states such points. The Applicant assumes 
that the Examiner is trying to point out that one gene cannot be introduced into a 
plant using traditional breeding techniques such as backcrossing without also 
introducing closely linked genes into the plant. It is well understood in the 
relevant art that DNA surrounding the gene of the desired trait is introduced into 
the plant when traditional breeding techniques are utilized to insert a gene into a 
plant of interest. It is also understood in the art that introducing a gene into a 
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plant variety such as PH77V is an insubstantial change to the variety. The World 
Seed Organization, on its web site, writes, "The concept of an essentially 
derived variety was introduced into th 1991 Act of the UPOV Convention In 
order to avoid plagiarism through mutation* multiple back-crossing and to fill the 
gap between Plant Breeder's Rights and patents." As determined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossina . or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety." International Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the World Seed Organization web site is attached as Appendix C . 

An example of how one of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived inbred line 
fits into the same hybrid combination as the recurrent parent inbred line and 
contributes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that, "Eshed et al. teach that in plants, 
epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in genetically 
complex and less than additive fashion (page 1815, column 1, line 1 to page 
1816, column 1, line 1), Applicant would like to first point out on page 1816, 
column 1, lines 1-5 of the Eshed et al. article it states, "Recent studies that 
detected epistasis of selected QTL in Drosophila (Long et al. 1995), soybean 
(Lark et al.1995) and maize (Doebley et ai.1995; Cockerham and Zeng 1996) did 
not show a less-than-additive trend. " Emphasis added. Applicant also adds that 
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transferring a qualitative trait does not require undue experimentation. Please 
note Hallauer et al. (1988) on page 472, submitted in the information disclosure 
statement, which states, Tor single gene traits that are relatively easy to classify, 
the backcross method is effective and relatively easy to manage/ As stated 
previously claims 18 and 47 have been amended to expedite prosecution. In 
claim 18, the genes transferred into PH77V are now limited to qualitative traits. 
Claim 47 is now limited to plants that are essentially unchanged from PH77V. 
Given the arguments and the amendments the Applicant requests reexamination 
and reconsideration of the claims. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicant files a patent application. Once developed, the inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH77V would be greatly advantaged by being able to use PH77V as 
starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH77V, can be maintained in the progeny of 
PH77V by a breeder of ordinary skill in the art. For example, if a breeder of 
ordinary skill in the art desired a waxy-kernel corn version of PH77V, the breeder 
could cross PH77V to a waxy-kernel corn variety, select for progeny with the 
desirable traits of PH77V that also express the waxy kernel trait, and continue 
selecting for the traits of PH77V combined with waxy kernels. Optionally, the 
breeder could backcross to PH77V to obtain further genetic contribution from 
PH77V, The end result is the development of an inbred line with substantially all 
of the benefit of Applicant's work but with only a fraction of the effort. 

6. The Examiner rejects claims 1-49 under 35 U.S.C. 1 12, first paragraph, as 
containing subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most 
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n arly connected, to make and/or use the Invention. The Examiner states that 
the seeds must b readily available to the public. The Applicant has deposited 
the seed of PH77V with the ATCC and has amended the claims accordingly. A 
receipt of the deposit is attached. The deposit and amendment to the claims 
obviate the rejection. 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 
35 U.S.C. 112. 

Claim Rejections under 35 U.S.C. § 102 and 103 

7. Examiner states that, "Claims 1-49 are rejected under 35 U.S.C, 102(b) as 
anticipated by or in the alternative, under 35 U.S.C- 103(a) as obvious over 
Puskaric (U.S. Patent No. 5,977,456). " Applicant traverses the rejection. 

The Examiner goes on to state, "Puskaric teaches seed of an inbred 
maize line designated 'PH1M7\ plants produced by growing said seed, and 
plants and plant parts having all the physiological and morphological 
characteristics of PH1M7 (ool. 10, lines 49 to col. 12 line 4; Table 1). It appears 
that the claimed plants and seeds of the instant invention may be the same as 
PH1M7 ? given that they exhibit the similar traits, high grain yield and relative 
maturity of approximately 85 based on the Comparative Relative Maturity Rating 
System for harvest moisture of grain, for example (coL 10, lines 49-59), 
Alternatively, If the claimed plants, plant parts, and seeds of PH77V are not 
identical to PH1M7, then It appears that PH1M7 only differs from the instantly 
claimed plants, plant parts, and seeds due to minor morphological variation, 
wherein said minor morphological variation would be expected to occur in 
different progeny of the same cultivar, and wherein said minor morphological 
variation would not confer patentable distinction to PH77V." 

Applicant points out that the designation "PH77\T of the instantly claimed 
cuftivar is not arbitrarily assigned. PH77V seed has been deposited with the 
ATCC and the specification and the appropriate claims have been amended to 
include the ATCC deposit number. Applicant also points out that the differences 
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between PH77V and PH1M7 are not "minor morphological variations". The 
differences below mentioned are taken from Table 1 of the specification, pages 
18-20, and Table 1 of the Puskaric patent, columns 11-16 and are listed in the 
following table. 



PH77V 


PH1M7 


66 days from emergence to 60% plants in silk 


88 days from emergence to 50% plants in sifk 


66 days from emergence to 50% plants in poDen 


67 days from emergence to 50% plants in pollen 


1 ,213 neat units from emergence to 50% plants in silk 


1.183 heat units from emergence to 50% plants in silk 


1,217 heat units from emergence to 50% plants in pollen 


1,174 heat units from emergence to 50% plants in pollen 


0,212.0 cm = Plant height 


0,190.5 cm = Plant height 


Leaf color Is dark green 


Leaf color is medium green 


Anther color is pink 


Anther color is yellow 


Glume odor is purple 


Giume color is light green 


5 = Northern Leaf Blight score 


3 ■ Northern Leaf BRght score 


4 = Gibbereila ear rot score 


6 = Gfbberalia ear rot score 


4,892 Kg/ha yield 


4,108 Kg/ha yield 



The examples and the list are not exhaustive but they give ample evidence that 
the inventions are not the same. Nor are they minor variations of each other. 

Applicant has canceled claims 44, 45 and 46. Applicant has amended 
claims 14, 40, 41, 42, and 43. Claim 41 has been amended and now reads, " A 
first generation (F1) PH77V-progeny maize plant, or parts thereof, produced by 
the method of claim 40." Claim 41 is now one cross away from PH77V. Claim 
41 clearly states that PH77V must be used to obtain a PH77V-progeny maize 
plant. Claim 42 has been amended so that it does not allow any further crosses 
away from PH77V. Thus claim 42 is the selfing of the plant derived by the one 
cross away from PH77V made in claim 40. Claim 43 has been amended for 
clarification purposes. These PH77V-progeny plants are limited to one cross 
away from PH77V and the progeny plants are limited by the use of PH77V in the 
initial cross. Applicant contends that progeny of PH77V could not the same as 
PH1M7 or the progeny of PH1M7 because PH77V is not PH1M7. One would not 
be able to obtain plants within one cross of PH77V through modification of the 
maize inbred PH1M7 taught in U.S. Patent No. 5,977,456 because PH77V 
comprises a unique and nonobvious combination of genetics. As evidenced by 
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past arguments and the declaration of Stephen Smith submitted as Appendix D , 
the claimed progeny plants of PH77V retain unique and nonobvious 
combinations of genetics derived from PH77V. Thus, they deserve to be 
considered new compositions in their own right. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 US.C. 102 (b) 
and 103(a). 

Cancellation of claims 30 r 31, 32, 44, 45, and 46; amendment of claims 1, 
3, 4, 6, 8, 11, 12 t 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 33, 34, 35, 
36, 37, 40, 41, 42, 43, 47, 48, and 49; and new claims 50, 51, 52, and 53 does 
not in any way change the claim scope which the Applicant believes is allowable 
but is meant to hasten the issuance of the patent. 
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CONCLUSION 



Attached hereto is a marked-up version of the changes made to the 
specification and claims by current amendment. The attached page Is captioned 
" VERSION WITH MARKINGS TO SHOW CHANGES MADE" , 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1-29 y 33-43, and 47-53 are in condition for allowance. 
Reconsideration and early notice of allowability is respectfully requested. If it is 
felt that it would aid in prosecution, the Examiner is invited to contact the 
undersigned at the number indicated to discuss any outstanding issues. 



Steven Callistein 
Pioneer Hi-Bred international 
7100 NW 62 nd Avenue 
P.O. Box 1000 
Johnston, IA 50131-1000 
(515)-254-2823 



Respectfully submitted, 
Gerhard P.Weber 




Steven Callistein 
Reg* No. 43,525 
Attorney for Applicant 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the specification 

At page 51, following " Deposits" , the entire paragraph, was deleted and the 
clean paragraph as written was inserted. 

In the claims 

Claims 30, 31, 32, 44, 45 and 46 were cancelled. 

Claims 1, 3, 4, 6, 8, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 T 21, 22, 23, 25, 27, 33, 
34, 35, 36, 37, 40, 41 , 42, 43, 47, 48 and 49 were amended as follows. 

1. (Amended) Seed of maize inbred line designated PH77V, representative 

seed of said line having been deposited under ATCC Accession No.[ 1 PTA- 

4534. 



3. (Amended) The maize plant of claim 2, wherein said plant Is [male sterile] 
detasseled . 

4, (Amended) A tissue culture of regenerable cells or protoplasts from the plant 
of claim 2. 

6. (Amended) A maize plant regenerated from the tissue culture of claim 4, 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH77V, representative seed of which have been deposited under 
ATCC Accession No. [ 1 PTA-4534 . 

8. (Amended) The method of claim 7 wherein the plant of inbred maize line 
PH77V [plant of claim 2] is the female or male parent. 
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1 1 . (Amended) The maiz plant, or parts thereof, of claim 2, wherein the plant 
or parts thereof have been transformed so that its genetic material contains on 
or more transgenes [operably linked to one or more regulatory elements] that 
confer a qualitative trait 

12- (Amended) A method for producing a first generation (F"Q maize plant [that 
contains in its genetic material one or more transgenes,] comprising crossing the 
maize plant of claim 1 1 with [either] a second plant [of another maize line, or a 
non-transformed maize plant of the line PH77V, so that the genetic material of 
the progeny that result from the cross contains the transgene(s) operably linked 
to a regulatory element], 

13. (Amended) [Maize plants] The first generation (FP maize plant , or parts 
thereof, produced by the method of claim 12. 

14. (Amended) A maize plant, or parts thereof, wherein at least one ancestor of 
said maize plant is the maize plant of claim 2, said maize plant expressing a 
combination of at least two PH77V traits which are not significantly different from 
PH77V traits when determined at a 5% significance level and when grown in the 
same environmental conditions, said PH77V traits selected from the group 
consisting of: a relative maturity of [approximately] 85 based on the Comparative 
Relative Maturity Rating System for harvest moisture of grain, [high] grain yield, 
[excellent grain drydown T good] early growth, [early] flowering time , [excellent] 
female characteristics, [excellent] male characteristics, [excellent] and stalk 
lodging resistance!, early maturity, and adapted to the Northcentral region of the 
United States, Southern Manitoba, and Eastern Canada], 

15. (Amended) A method for developing a PH77V-proqeny maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
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comprising: obtaining the maize plant, or its parts, of claim 2 as a source of said 
breeding material. 

16. (Amended) The [maize plant breeding program] method of claim 1 5 wherein 
plant breeding techniques are selected from the group consisting of; recurrent 
selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation. 

1 7. (Amended) [A] The PH77V-progenv maize plant, or parts thereof, produced 
by the method of claim 1 5 wherein the method comprises 2 or less crosses to a 
plant other than PH77V or a plant that has PH77V as a parent . 

1 8. (Amended) The maize Fplantel. plant or parts thereof, of claim 2, further 
comprising one or more [single gene conversions] genes that confer a qualitative 
trait and have been transferred into said maize plant through breeding methods 
that utilize PH77V as a recurrent parent 

19. (Amended) The [single gene conversion^)] maize plant of claim 1 8, 
wherein [the gene] at least one of the genes is a dominant allele, 

20. (Amended) The [single gene conversion(s)] maize plant of claim 18, 
wherein [the gene] at least one of the genes is a recessive allele. 

21. (Amended) A maize plant, or parts thereof, having all the physiological and 
morphological characteristics of inbred line PH77V, representative seed of said 
line having been deposited under ATCC accession No. [ ] PTA-4534 . 

22. (Amended) The maize plant of claim [21] 2, wherein [said plant is male 
sterile] genes controlling male sterility have been transferred into said maize 
plant through crossing, wherein PH77V is a recurrent parent, and wherein said 
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plant has essentially the same morphology and physiology of inbred maize line 
PH77V other than the trait of male sterility . 

23. (Amended) A tissue culture of regenerate cells or protoplasts from the 
plant of claim 21 . 

25. (Amended) A maize plant regenerated from the tissue culture of claim 23, 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH77V, representative seed of which have been deposited under 
ATCC Accession No, [ ] PTA-4534 . 

27. (Amended) The method of claim 26 wherein the inbred maize plant [of claim 
211 having all the morphological and physiological characteristics of inbred maize 
plant PH77V is the female or male parent. 

33. (Amended) A PH77V-proqenv maize plant, or parts thereof, wherein at least 
one ancestor of said PH77V-progenv maize plant is the maize plant of claim [21] 
2, [said maize plant expressing a combination of at least two PH77V traits 
selected from the group consisting of: a relative maturity of approximately 85 
based on the Comparative Relative Maturity Rating System for harvest moisture 
of grain, high grain yield, excellent grain drydown, good early growth, early 
flowering, excellent female characteristics, excellent male characteristics, 
excellent stalk lodging resistance, early maturity, and adapted to the Northcentral 
region of the United States, Southern Manitoba, and Eastern Canada] and 
wherein the pedigree of said PH77V-progenv maize plant is within 2 or less 
crosses to a plant other than PH77V or a plant that has PH77V as a parent 

34. (Amended) A method for developing a PH77V-progeny maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
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comprising: obtaining the maize plant, or its parts, of claim 21 as a source of said 
breeding material. 

35. (Amended) The [maize plant breeding program] method of claim 34 wherein 
plant breeding techniques are selected from the group consisting of: recurrent 
selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation* 

36. (Amended) [A] The PH77V-proaenv maize plant, or parts thereof, produced 
by the method of claim 34 wherein the method comprises 2 or less crosses to a 
plant other than PH77V or a plant that has PH77V as a parent 

37. (Amended) A process for producing inbred PH77V, representative seed of 

which have been deposited under ATCC Accession No. [ ] PTA-4534 , 

comprising: 

(a) planting a collection of seed comprising seed of a hybrid, one of 
whose parents is inbred PH77V said collection also comprising seed of 
said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH77V plants; 

(d) selecting said inbred PH77V plant; and 

(e) controlling pollination in a manner which preserves the homozygosity 
of said inbred PH77V plant. 

40. (Amended) A method for producing a first generation (F1 ) PH77V-[derived) 

progeny maize plant, comprising: 

(a) crossing inbred maize line PH77V T representative seed of said line 

having been deposited under ATCC Accession No. [ ] PTA-4534 . 

with a second maize plant to yield progeny maize seed; 
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(b) growing said progeny maize seed, under plant growth conditions, to 
yield said first generation (F1) PH77V-fderived] progeny maize plant 

41. (Amended) A first generation ( F1 ) PH77V-fderived1 progeny maize plant, or 
parts thereof, produced by the method of claim 40[, said PH77V-derived maize 
plant expressing a combination of at least two PH77V traits selected from the 
group consisting of : a relative maturity of approximately 85 based on the 
Comparative Relative Maturity Rating System for harvest moisture of grain, high 
grain yield, excellent grain drydown, good early growth, early flowering, excellent 
female characteristics, excellent male characteristics, excellent stalk lodging 
resistance, early maturity, and adapted to the Northcentral region of the United 
States, Southern Manitoba, and Eastern Canada]. 

42. (Amended) [The] A method for producing a PH77V progeny inbred maize 
plant, comprising generating the first generation (F1) PH77V-progenv maize 
plant bv the method of claim 40[ t ] and further comprising: 

[(c) crossing said PH77V-derived maize plant with 

itself or another maize plant to yield additional PH77V-derived 
progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant 
growth conditions, to yield additional PH77V-derived maize plants; 

(e) repeating the crossing and growing steps of (c) and (d) from 0 
to 5 times to generate further PH77V-derived maize plants] selfing 
said first generation fF1) PH77V-prooenv maize plant for 
successive filial generations to generate a PH77V inbred progeny 
rpaize plant. 

43. (Amended) [A further derived] The PH77V inbred progeny maize plant, or 
parts thereof, produced by the method of claim 42. 

47. (Amended) The maize [plants] plant , or parts thereof, of claim [21] 2, further 
comprising one or more [single gene conversions] genes that have been 



35 

Received From < 515 334 6883 > at « 6:15:1 1 PM [Eastern Standard Time] 



01/06/03 MON 18:26 FAX 515^Pl 6883 PIONEER HI -BRED DS^W @043 

SN: 09/759,759 

transf rred into said maize plant bv utilizing PH77V as a recurrent parent and 
wh rein the maize plant or parts thereof, are essentially unchanged from inbred 
maize line PH77V , 

48. (Amended) The [single gene conversion(s)] maize plant of claim 47, 
wherein [the gene] at least one gene is a dominant allele. 

49. (Amended) The [single gene con vers ion(s)] maize plant of claim 47, 
wherein [the gene] at least one oene is a recessive allele. 

New claims 50, 51 , 52, and 53 were added. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



i •'"■* 

J||' Tbc fundamental purpose of plani breeding is to identify genotypes with superior 
prformance m commercial production. A large proportion of the time and 
"«| epense devoted to cultivar development is in field evaluation of breeding ma- 
The tests may involve genotypes in an initial stage of evaluation or chose 
|kiag given final consideration for release as new cultivars. The characters 
|enJuatcd ranee from those mat can be measured readily by visual examination 
I© those that must be measured with appropriate instruments. The genetic po- 
E temaJ of a genotype for some characters may be determined effectively with 
|ofc or a few plants in a small plot, while for other characters extensive evaluation 
larger plots may be needed. 

It is the responsibility of the plant breeder to select the field-plot techniques 
« will provide the maximum amount of information with the resources avail- 
l«e. The challenge is to adequately test as many genotypes as possible. The 
^ irecs available to plant breeders vary; usually several alternative techniques 
^available for character evaluation. Plant breeders must decide which tech- 
iv bC the m ° St cffeciivc and efficient in their particular situation. 
Detailed discussions of field-plot techniques and data analysis are provided 
r^omez and Gomez H984) and LeOerg et aJ. (1962). An overview of the 
■■"l principles will be provided in this chapter. 

WCE5 OF VARIATION 

t^H Wa> C ° compare genotypes would be to grow all of them in exactly 
jj™^ environment and to measure their characteristics in precisely the same 
Vto v dlfferCnCeS arnong genotypes in this ideal situation would be due 
' variation in their genetic potential; therefore, the best genotype could be 
^itnout error. This ideal is impossible co achieve under field conditions 
Of lack of uniformity in the environment co which the genotypes are 
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exposed. Nevertheless, the use of appropriate field-plot technique* can majuinia^j 
the accuracy with which genotypes are compared and selected. 

The factors that result in test conditions that arc less than ideal can be refenrf^ 
io collectively as sources of experimental error. The) include variation in tf*^ 
environment to which each genotype is exposed and lack of uniformity In i 
measurement of characters. The breeder has opportunities to minimize exp 
mental error by carefully selecting the site to be used for field trials, the cuh 
practices used in crop production, the plot size and .shape, and the method ctf j 
data collection. 



Site Selection 

Variation in the productivity of the soil is commonly rcfcired to as soil heier- 
o«eneit> { Fj£. i9_i j, Causes of soil heterogeneity include variation in soil rype, 
availabiihv of plant nutrients, and sot! moisture. The variation cannot be com- 
pletely eliminated, but it often can be minimized by careful selection of the area 
in a field where plots will be grown. Soil maps are helpful for understanding 
the variation in soil type that is present. Soil types differ in their inherent ability 
to retain nutrients and moisture. Entire trials or at least an entire replication 
should be grown on a single soil type whenever po>sible. 

visual inspection of a field is important, even when a soil map is available. 



Figure 19-1 Example of potential variation in soil productivity in a test 



area. 



*///// ' ' ' ' '///// 
/// / / Above-average' / / / // 
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When a held hu* been identified a year in advance as a potential test .site, il is 
useful for the breeder to look for variability in productivity of the crop grown 
in the area. The breeder should note variation in the terrain that may cause water 
to accumulate more in one place than in another. Differences in soil tillage after 
harvest of the previous crop mu> be observed thai could result in nonuniformity 
of the area. Uneven distribution of plant or animal waste on a field should be 
noted as a potential contributor to variation in the availability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
that were followed in the production of previous crops, with special attention to 
the application of chemicals that could influence the crop that the breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
previous crops may cause damage to the crop to be tested. The following quo- 
tation from a reseaVch anicie byThome and Fehr (1970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The sirains uere evaluated at Ames and Kanawha. Iowa, in I9G8, ... At Kanawha, 
pan of the experiment was inadvertently planted in a field treated with atrazine 
herbicide two years before. Alt plots in the aria were destroyed. 

Previous cultural practices in a field can be especially important at research 
Stations where crops are rotated from one held to another on a systematic basis. 
The research conducted on crops previously grown on a field can influence 
markedly the uniformity of the rest site. For example, plots of oats were planted 
in a field at the Agronomy Research Center of Iowa State University in which 
soybeans had been planted the previous year. Growth of the oats varied in strips, 
as if nitrogen fertilizer had been applied unevenly to the field. A review of the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature soybeans had been cut and left unthreshed. 
The nitrogen in the soybean seeds in the strips was available to the oats the 
following vear. and caused nonuniformity of nutrient availability in the test site. 



Cultural Practices 

Experimental error can be minimized by the use of uniform cultural practices 
for production of the crop being tested. Chemicals should be applied uniformly 
to the test site before, during, or after planting. Uneven soil compaction should 
be minimized during tillage operations. Application of supplemental water by 
irrigation may reduce variability in soil moisture. Weed control should be uni- 
form; most breeders try to eliminate all weeds during the growing season to 
avoid experimental error caused by differential weed competition. 

The development of equipment specifically designed for planting, managing, 
and harvesting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment must be on the 
uniformity with which genotypes arc handled. 



I 
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Plot Type 

Experimental error increases whenever intcrplot competition cau$e?> the perfo: 
mance of a genotype in one plot io be altered by the performance of genotypt 
in adjacent plots. Interplot competition results primarily from intergenotyp: 
competition, which is the differential ability of genotypes to compete with eac 
other. Interplot competition is more important for the evaluation of some cha r 
acters than for others. It is only through appropriate experimentation that a pk 
type can be identified that will provide reliable information for the character c 
interest. 

The effects of interplot competition can be avoided by the use of plots wit; 
multiple rows in which only plant* in the center rows arc evaluated (Fig. 19-2 = 
in plots with three or more rows, the outermost rows are designated as the bordc 
or guard rows, The function of the border rows is to prevent plant? in adjacer. 

Figure 19-2 Illustration of bordered row plots with different cultivars desig- 
nated as #, C- and LJ. (Courtesy of Fcm\ 1978.) 

Bordered row plots - equal row spacing 
Three-row Four-row Five-row 

• ••OOO MMOOOO •••••0000C 

•••000 ••••oooo •••••ooooc 

•••ooo ••••oooo •••••ooooc 

•••000 ••••oooo •••••ooooc 

•••ooo ••••cooo •••••ooooc 

•••ooo ••••oooo •••••ooooc 

•••ooo ••••oooo •••••ooooc 



Bordered row plot - unequal row spacing 



o o o o o 


□ 


□ □□□ 


C O O 0 0 


□ 


□ □□□ 


ooooo 


□ 


□ □□□ 


o o o o o 


□ 


□ □□□ 


ooooo 


□ 


□ □□□ 


ooooo 


□ 


□ □□□ 


•ocooo 


□ 


□ □□□ 




Received from < 515 334 6883 > at 1/6/03 6:15:1 1 PM [Eastern Standard Time] 




01/06/03 MON 18:25 FAX 515^R 6883 



FIELD-PLOT TECHNIQUES 

plots from influencing the performance of plants in the center oF the plot. Each 
bordered plot can be considered a miniature field thac is unaffected by neighboring 
fields. The spacing between plots can be greater than the within-plot spacing to 
facilitate the movement of equipment, particularly when narrow rows are utilized. 

It would be ideal if bordered plots could be used For the evaluation of all 
characters that ore influenced by interplot competition. That ideal is difficult to 
achieve when thousands of genotypes are being evaluated. Bordered plots require 
seed and land that do not directly provide data for a genotype. Borders take up 
two-thirds of the seed and land area for three-row plots and one-half for four- 
row plots. The cost and availability of seed and land often necessitate restriction 
of the use of bordered plots to the evaluation of genotypes that are being given 
final consideration for release as cultivars. 

Intcrplot competition can be reduced, but not eliminated, with unbordered 
plots of two or more rows, all of which are used to evaluate a character (Fig. 
19-3). A genotype in a single-row plot is .subjected to intcrplot competition on 
both sides. Intcrplot competition is reduced by one-half in plots with two rows, 
two-thirds with three rows, three-fourths with four rows, and four-fifths with 
five rows. The estimated reduction of interplot competition with increasing num- 
bers of rows is based on the fact that each row of a plot must compete on ewo 
sides. The border rows arc each subjected to interplot competition on one side 



figure 19-3 
ignated as • 
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Illustration of unbordered row plots with different cultivars des 
O. and □. (Courtesy of Fehr. 1978.) 
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The amount of interplot competition also can be reduced by increasing the 
spacing between rows of adjacent plots. Interplot competition in soybeans was 
evaluated with five cultivars grown in single rows spaced 100, 75, 50. and 25 
cm apart (Gedge et al.. 1977), The average effect of interplot competition on 
$ecd yieid was*2.6 percent for the 100-cm spacing. 5.3 percent for 75 cm. 8.0 
percent for 50 cm. and 17.6 percent for 25 cm. 

A combination of increased ro* spacing between plots and a large number 
of rows can minimize interplot competition in unbordered plots. In the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots Spaced 100 cm apart was 2.6 percent. The percentage theoretically would 
be reduced to 1.3 percent for two-row plots and to 0.9 percent for three-row 
plots. Rows within a plot are not subjected to interplot competition: therefore, 
the spacing berween rows within a plot can be less than the spacing between 
adjacent plots. Figure 19-3 illustrates a two-row plot in which the spacing between 
plots is wide enough to minimize interplot competition and the spacing within 
ihe plot is reduced to minimize the land area required for each plot. 

Some breeders plant one culiivar as u common border between one- or two- 
row plots. In barley, a lodging-resistant eukivar is used as a common border to 
prevent genotypes with lodging susceptibility from falling on genotypes in ad- 
jacent plots, thereby causing them to lodge unnaturally. The use of a common 
border has been evaluuted as a means of eliminating imergenotypic competition 
between plots for seed yield and other quantitative characters. The results of the 
research indicate that a common border can reduce but not eliminate interplot 
competition (Thome and Fehr, 1970a;. The average interplot competition for 
seed yield among four soybean cultivars in single-row plots spaced 50 cm apart 
was compared with competition of the cultivars when a common border was 
used (Gedge et aL. 1977). Interplot competition averaged 1 1 .0 percent in single- 
row plots and 8.3 percent in plots with a common border. 



Plot Size and Shape 

The size of plots used to evaluate genotypes varies with the character being 
evaluated, the amount of experimental error that is considered acceptable for 
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measuring u charterer, thv ^prrimymal design, and the growth churueicri>tic> 
of the aop, Piot> vap. in m/c from those for a single plant that is hurveNted by 
hand co rhosc that are wide and long enough to be harvested with the same 
equipment used by farmers for commercial production. 

Singlr-Plant Plots. Individual plants commonly are evaluated in segregating 
populations. There is no replication of the individuals, unless vegetative "prop* 
agacion of clones is possible. The spacing amung plots varies with the crop 
species involved. Gardner ( 1961 1 spaced individuals 50 by 100 cm apart when 
selecting For yield in maize. Burxon (1974; spaced plants of a population of 
Pensacola bahtagrass 60 by 60 cm apart when conducting recurrent phenotypic 
selection for forage yield. Burton and Brim < 1 9S 1) u*ed a 46 by 46 cm spacing 
among soybean plants for selection of oil composition in the seed. 

Single-plant plots are used for the replicated evaluation of experimental lines 
or cultivars by the honeycomb field design (Fasoulas, 1979). The number of 
plants evaluated for a line is equal to the number of replications in the experiment. 
Fasoulas ( 1 93 1 ) indicated that 100 single-plant plots (replications) per line would 
provide satisfactory results, The plots of the lines in a tesi are organized in a 
systematic manner to permit comparison of a plant of one line with adjacent 
plants of other lines fFig. 19-4). The honeycomb design has nor been adopted 
by plant breeders for replicated evaluation of lines because it requires more labor 
and is less amenable to mechanization than microplots or conventional row plots. 

Multiple-Plant Plots, The evaluation of experimental lines or cultivars by plant 
breeders U usually done in plots containing two or more plants. Plot size varies 
from small microplots consisting of a hill or short row to a plot with one or 
more rows several meters in length. 

Microplots. Microplots are used to minimize the amount of seed or land required 
to evaluate a group of lines, [n an unbordered microplot. the effects of interplot 
competition must be considered when determining an appropriate distance among 
plots (Fig. 19-5). For oars, hilJ plots spaced about 30 by 30 cm apart have been 
used (Frey, 1965). while for soybeans, a spacing of about 1 bv 1 m is more 
common (Garland and Fehr. 19SD. 

The number of plants in a microplot differs among crops. A planting rate of 
30 seeds per hill is satisfactory in oats rFrey. 1965). while a rate of 12 seeds 
per hill is used for soybeans (Garland and Fehr, 1981), When short rows are 
«sed as microplots. the plant density Is comparable to that of larger row plots. 

There is a lack of agreement among plant breeders concerning the effec- 
tiveness of microplots for evaluation of agronomic characters, particularly seed 
yield. Breeders who use microplots indicate that they are useful for eliminating 
inferior lines during the first year of yield evaluation. Lines with acceptable 
Performance in microplots are evaluated in conventional row plots during sub- 
sequent years of testing, to identify those that merit release as cultivars ?Frey, 
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Figure 19-4 Grid and honeycomb design to select individual plants in a pop* 
utetion. For the grid design, plants are divided into blocks and the best ones 
chosen from each (Gardner. 1961 ). For the honeycomb design, the plant at the 
eemerof the hexagon. ®. is compared with every'other plant within the hexagon 
(Fasoulas. 1979). A plant is chosen only if it is superior to every other plant in 
the hexagon. The hexagons outlined represent two different selection intensities. 
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Figure 19*5 Illustration of hill plots with different cultivars designated as Q 
2, .andBtFehr. 1978). 



1965: Garland and Fchr. 1981). The advantages of microplots compared with 
conventional row plots for the first year of yield testing are that less land is 
required per plot and that enough seed for replicated tests can be obtained from 
x single plant, which eliminates a season tor seed increase. Breeders who do 
not use microplots are concerned about the reliability of yield data obtained from 
:hem. The coefficients of variability for microplots generally are about one and 
jne-half to two times larger than for conventional row plots. 

Row Plots, Row plots are used by virtually all plant breeders for replicated 
:csting of genotypes, The overall plot size is determined by the number of rows, 
:he spacing between rows, and the row length. 

Single-row plots of 1 to 2 m in length are widely used for the visual evaluation 
of characters. Many breeders evaluate lines on the basis of their appearance in 
small unreplicuced plots, and advance the desirable ones to replicated tests the 
following season. Visual selection and seed increase commonly are accomplished 
with the same plot. 

A plot used to evaluate the yield of lines for the first time often is smaller 
•ban that employed for advanced singes of evaluation- For advanced yield tests. 
*he breeder attempts to use a plot size that approaches or equals the dimensions 
-onsidered optimal for the crop species involved. Optimum plot size is the 
"ninimum land area required to measure a character with an acceptable level of 
-xptrimental error. 

Optimum plot size can be determined by the use of data from a uniformity 
rial { Cochran. 1937). A single cultivar is planted a_s a solid stand, without alleys. 
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in an area representative of that used for yield evaluation. The cultural practices 
used to produce the crop are the same as those' used for yield trials, the area is 
subdivided into small units, and the seeds or plants from each unit are harvested 
and weighed separately. Experimental error associated with plots of different 
si2e can be determined by making various combinations of the small units. 

Optimum plot size also is determined through practical experience. The 
breeder often will experiment wiih plots of different size to find the smallest one 
thai has an acceptable level of experimental error. Breeders often do nor agree 
on what they consider acceptable experimental error: consequently, an optimum 
size for one person may not be optimum for another, 

Plot width generally is determined by considerations other than the relation- 
ship of shape to experimental error. The primary factors are the number of rows 
required to minimize or avoid intcrplof competition and the width of the planting 
and harvesting equipment that is available. Plot width influences the percentage 
or land area that must be devoted to alleys between plots. Long, narrow plots 
require a lower percentage of alley space than do wide, short plots. This ad- 
vantage is offset in bordered plots because the percentage of land area devoted 
to border «row> decreases as the number of rows per plot increases. 

Plot length provides flexibility for plot size. Before calculators and computers 
became readily available, row length in the United States was varied to obtain 
a plot size that was a fraction of an acre (one-tenth, one-twentieth, etc.) to 
simplify the conversion of plot yields to yields per acre. With use of computers 
for data summarization and analysis, this is no longer necessary, 



Data Collection 

The experimental error associated with the evaluation of a character i.s influenced 
by measurement errors during data collection. For characters evaluated visually, 
experimental error occurs whenever the data collector fails to give an identical 
ratine to plots with an identical appearance. Reliability of the evaluation can be 
established readily by ratine a series of plots at different times and comparing 
the ratings. It is essentially impossible to give visual ratings without error; 
therefore, the breeder must decide when the error is acceptable and when it is 
so large that genetic differences will be masked. 

Some characters can only be evaluated efficiently with the use of an appro- 
priate machine or instrument. Experimental error can occur because of failure 
to prepare a plot properly for measurement, of not obtaining a representative 
sample of the plot for evaluation, of using nonuniform procedures for sample 
preparation, and of failure of the machine or instrument ro operate properly. 

Preparation of a ploi for data collection may begin before planting. For 
experimental error to be reduced, the seeds or plants of every senotype used for 
planting must be treated equally. If seeds or plants of genotypes to be compared 
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ki nut conic from a common cn\ iron men i. environmental error may result. Lint 
.'ield and needling vigor of a cotton cultivur were found to differ in plots grown 
rom seeds, obtained from different locations (Peacock und Hawkins. 1970). Seed 
^ource also has been shown to influence >eed yield of soybeans <Fehr and Probst. 
I97U 

[n some crop species, uniformity of plant density among plots cm be im- 
portant in minimizing experimental error. With maize, il is a common practice 
o thin yield test plots to a uniform stand soon after seedling emergence. Thinning 
s not considered necessary with some crop species, particularly those that have 
he ability to branch or tiller in response to low plant density, such as barley 
uid wheat. It also is a common practice with crops such as maize to record the 
number of plants per plot immediately before harvest. The yield of the plots is 
adjusted for plant density by an analysis of covariance, to minimize experimental 
;rror in the comparison of genotypes. 

When u blank alley is used at the end of row plots, the end plants generally 
•re more productive than those growing in the center of the plot, when end 
slants are harvested, yield of the plot i* inflated in comparison to the yield 
ibtained from. plants growing in the center of the plot. This inflation will prevent 
t direct comparison of plot yields with those expected in a normal commercial 
Wanting, unless an appropriate adjustment is made for all plots. The adjustment 
nay be" made by considering the alley as part of the plot urea; therefore, plot 
engirt is the distance from the center of one alley to the center of the nest, 
nstead of the distance between plants at opposite ends of a row. For example, 
f the length of row containing plants is 5 m and the alley is I m wide, the plot 
ensth for computing plot area Is considered to be 6 m, 

"The vield inflation by end plants in a plot does not contribute to experimental 
.rror unless genotypes in a test do not respond similarly to the space in the alley. 
The experimental error associated with differential response of genotypes to an 
illey can be minimized by adjusting yields according to characteristics of the 
:enorypes that influence this response. The end plants of soybean genotypes 
vuh iate maturity give a greater yield inflation than do genotypes of early 
naturity. Values "have been developed with which to adjust plot yields for ma- 
■jrity of soybean genotypes (Wilcox. 1970). More commonly, comparisons 
:mo"ng soybean genotypes are restricted to those of similar maturity, unless plots 
ire end-trimmed before harvest. 

The only way to eliminate yield inflation by end plants is to remove the 
slants before harvest. This procedure, referred to as end-trimming, is a standard 
procedure with some crops. The end plants are removed late enough in plant 
levelopment that the remaining plants in the plot cannot take advantage of the 
xtra space- The length of row removed from each end of the plot must be long 
-nough to include all plants that have benefited from the .space provided by the 
:lley" In soybean. 0.6 m is removed from each end of rhe plot (Wilcox. 1970). 

The problem of a blank alley is minimized in some crops by planting the 
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alley with rows of a single genotype perpendicular to the test plots. The result 
is that rhe plants at the end of a plot must compete with plants in the alley, and 
thus their yield may not be inflated as much as is the ease with a blank alley. 
Plants in the alley are removed immediately before the plots are harvested. 



EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to compare genotypes are common 
to research in many disciplines. Others have been developed to deal with the 
problem of comparing a large number of genotypes as inexpensively as possible. 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages of testing a few 
select genotypes. Alternative designs will be considered here for comparison of 
single plants, unreplicated genotypes in multiple-plant plots, and replicated 
genotypes. 

Single-Plant Selection 

The first evaluation step in the development of a culti var generally is the selection 
of individual plants from a population. Individual plant selection also is employed 
in population improvement by recurrent phengrypic selection. 

When single-plant selection in a population is for characters with a high 
heritabiliry. the plants generally are grown in a random order and those with 
desirable characteristics! are selected. Cultivars may be grown in adjacent plots 
to serve as standards with which to evaluate single plants. Date of flowering, 
plant height, time of maturity, and certain types of pest resistance are examples 
of characters for which single plants are selected without any predetermined 
arrangement" of the individuals. They represent characteristics that are not strongly 
influenced by environmental variation. 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil heterogeneity for characters with a low her- 
itability. such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity in an area where a population of plants may be grown. It plants 
with the highest yield are selected regardless of their location in the field, those 
in the area of above-average productivity will be favored. A plant with outstand- 
ing genetic potential that is located in the area with below-average productivity 
may be discarded. Two experimental designs are available mat minimize the 
effect of soil heterogeneity by comparing plants that are most adjacent 10 each 
other. 

Grid Design. Gardner 1 196U proposed that the land area on which a population 
of individual plants is grown can be subdivided into blocks or grids of a limited 
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area 'Fiji. I^-i). Plants within each hlnck aw compared with each other, and 
the superior one> arc selected. Compari.sun> arc not made between plant* from 
different blocks. This experimental design has been well accepted by plant 
breeders, particularly those conducting recurrent phenotypic selection for yield 
or other characters with a low hcri lability, 

Honeycomb Design. Fasoulas (1973) developed a honeycomb design for se- 
lecting individual plums in a population (Fig. 19-4), Five aspects of the design 
and its implementation are unique, (a) Seeds or clones are spaced equidiscanrly 
from each other in a hexagon pattern. The name of the design was chosen because 
the hexagon patterns resemble a honeycomb of bees, (b) Plants are spaced far 
enough apart that they do not compete with adjacent individuals. At the appro- 
priate spacing for a species, a missing plant does not influence the performance 
of adjacent individuals, because each plant already has sufficient space in which 
to develop to its full potential, <c) Homogeneous check cujtivars can be included 
for comparison, if desired. Every plant of the check is compared with a different 
group of plants in the population, fd) The size of the hexagon used to select 
sinsle plants determines the selection intensity in the population. The effect of 
soil heterogeneity is minimized because only those plants within the area of the 
hexagon are compared, <e) Every plant in the population is evaluated by placing 
it in the center of the hexagon. A plant is chosen only if it is superior to every 
other plant in the hexagon. By moving the hexagon, every plant is compared 
with a different group of plants in the population. 

Comparison of the Grid and Honeycomb Designs. Both the grid and honeycomb 
designs reduce the problem of soil heterogeneity in the selection of characters 
of low heritabiliry. In a comparison of the designs, the advantages of one are 
the disadvantages of Che other, and vice versa. 

There are three primary advantages of the grid design. 

1. The spacing of plants does not have to be in a precise pattern. This 
facilitates the use of conventional plot equipment for planting and culti- 
vation. Mechanized planting of the honeycomb design would require 
specialized equipment. 

2. Selection intensity can be varied by altering the number of plants in a 
block and the number of plants selected. Only certain selection intensities 
are possible with rhe honeycomb design. 

3. Use of a denned area for each block facilitates visual comparison of plants 
for selection. It is possible to compare plants within a block visually and 
collect data only from those with the best potential. Use of the moving 
hexagon for the honeycomb design makes it impractical to compare each 
plant with appropriate ones in its hexagon: therefore, data must be re- 
corded for every plant, except those that are obviously inferior* 

The honeycomb design has two advantages compared with the grid design. 
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1 . Homogeneous check cultivars can be included to permit comparisons of 
individual plants with a standard. When one-scvcnih of the plants are a 
check, they can be arranged so that every plant in the population can be 
compared with a check plant. To provide adjacent plants of one check 
cultivar in a grid system, one-third of the area would have to be devoted 
to the check. 

2. More than two check cultivars can be included readily in hexagons of 19 
or more plants. Use of iwo or more check cultivars in the grid system 
would require that a large fraction of each block be devoted to check 
plants. 

Unreplicated Evaluation with Multiple-Plant Plots 

Plant breeders routinely conduct visual selection among lines in unrepealed 
plots for maturity, disease resistance, standabiiity. and other character* of high 
heritability. Evaluation for yield in a single replication has been used to a limited 
extent to eliminate inferior lines before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other linei to determine its genetic potential. A number of different arrangements 
are available for estimating the genetic potential of lines. One method is to 
compart each line with a common check cultivar (Baker and McKenzie. 1967). 
Figure 19-6 represents a hypothetical example of the yield of six lines in a single 
replication. In the figure, the yield of each line is expressed as a percentage of 
the yield of the check cultivar immediately adjacent to it. 

Another alternative is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted average is to minimize the potential 
problem caused by an unusually poor yield of a check plot, In Fig. 19-6. the 
check cultivar adjacent to lines B and C has a much lower yield than other check 
cultivars. This results in an extremely high percentage for lines A and B. The 
weighted average of check cultivars could be computed as 

(3 x yield of adjacent check) (J x yield of check two plots removed) 

=5 weighted average of check cultivars 

The percentage yield of each line is computed as 
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% of adjacent check 
107 179 136 105 108 112 

Figure 19-6 One possible arrangement of lines in a s in c I e- re plication test. The 
performance of each line is computed as a percentage of the performance of the 
common check cultivar adjacent to it. Line B would be considered the superior 
one. 
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Another method used to compare genotypes in single replications is the 
moving mean iMak et al. . 1978: Townley-Smith and Hurd. 1973 ). Each genotype 
is compared wiih adjaceni test genotypes, not wUh a check cultivar. 

The disadvantage of single-replication tests is that the breeder has only one 
plot value with which to assess the genetic potential of a line. If by chance a 
line is placed on a plot of soil with above-averaae productivity, relative to that 
of plots with which the line is compared, it will seem to be genetically superior, 
even though ir may not be. In replicated tests, the breeder will have more than 
one plot with which to evaluate each line, For this reason, single replications 
are not commonly used for yield evaluation- 
Replicated Tests 

Two or more independent comparisons of lines in a test provide a means of 
estimating whether variation in performance among lines is due to differences 
in genetic potential or to environmental variation. Each comparison is as rep- 
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lication. Replication can be accomplished by growing two or more plot? of each 
line at one or more locations or one plot at each of two or more locations or 
years. 

Randomization. One important consideration in the arrangement of genotypes 
within each replication is the degree of randomization. From a statistical view- 
point, randomization of entries is required lo obtain a valid estimate of experi- 
mental error. To fulfill the requirement, each entry must have an equal chance 
of being assigned io any plot in a replication and an Independent randomization 
is required for each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for comparison of genotypes. They knov* that any experiment 
designed to estimate components of variance must be randomized. There are 
circumstances, however, in which plant breeders do not use complete random- 
ization for the comparison of genotypes. Genotypes with similar characteristics 
may be planted next to each other to reduce inrerploi competition in unbordered 
plots. A nonrandom arrangement of genorypes among replications may be used 
to facilitate selection of genotype s before harvest. 

Nonrandom Arr angements ufGcnvnpes. Any discussion of nonrandom arrange* 
ments of genotypes can be misinterpreted because it may imply that randomi- 
zation is not an important principle. To avoid such misinterpretation, it should 
be stated again that nonrandomizarion should only be considered when resources 
are not adequate fo make randomization feasible. The discussion of nonrandom 
arrangements will include the reasons for their use. their disadvantages, and the 
ways procedures can be modified to permit effective randomization. 

Nonrandomizatiun Among Replications. It is common to delay replicated tests 
for yield until genotypes have been visually selected in unreplicatcd plots for 
characteristics such as lodging, height, and maturity. To reduce the length of 
time for cuiiivar development, the season for evaluation in unrepealed plots 
can be eliminated by crowing genorypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation (Garland and Fehr. 1981). When visual selection 
is based on the performance of genotypes in all of the replications, it is necessary 
to evaluate each plot, summarize the data, make the selections, and identify the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characteristics of 
interest are noi e\pres>cd until plant maturity. If i>everal thousand genotypes are 
randomized in two or more replications, summarization of data and identification 
of plotN to be hancstcd cun be difficult or impossible to accomplish in only a 
few days. The use of the same arrangement of £enorype.s in each repli nation 
makes the job practical. 

When genotypes are in the same position within each replication, the data 
for plots of each genotype are recorded in adjacent columns (Pig, 14*7). Sum- 
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Figure 19-7 Field book pages for recording rhc data of genotypes grown in 
three replications. Nonrandora arrangement of genotypes involves one page, 
whereas a random arrangement involves three separate sections on one or more 
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manzauon oi data in complete as soon as the last plot is rated. Genotypes with 
undesirable characteristics in one or more replications can be identified and 
discarded The plot, ol desirable genotypes are readilv identified for harvest 
because the> are m the same position in each replication. 

The disadvantages of nonrandomization relate to the fact that the same ee- 
notypes are always adjacent to each other, which can have negative effects on 
the companion of genotypes, 

1. In unbordered plow, intergenotypic competition can bias the performance 
of genotype!, more seriously in a nonrandom than in a random arrange- 
ment. When a poor competitor is bordered bv a good competitor, vield 
of the poor competitor can be reduced and thai of the good competitor 
increased in every replication. There is no opportunkv for 3 genotvpe to 
occur next to others with a more similar competitive ability 

2. In iinbordered plots, a genotype that dies or is unusually weak in all 
replications can prevent the accurate evaluation of adjacent -enmvpes 
The performance of adjacent genotypes, would never be tested in repli- 
cations where they were next tc, healthy genotvpes. 

3. No unbiased estimate of experimental error can be obtained. 

The need ro use nonrandomization of genotypes among replication, can be 
avoided by improving the efficiency of procedures for data summarization and 
evaluation. An efficient procedure would include the use of a computer Data 
would have ,o be entered rapidly into the Computer, possiblv bv entering plot 
data mto an electronic recorder in the field and elecironicallv transferrine the 
.nformat.on to the computer. Computer proems would be needed to summarize 
the data and make .selections on the basi* of standards established bv the breeder 
Plot idemincation information for selected genotvpes would have to be provided 
for harvest, r 



Grouping S.m.iar Genotypes Within Replications. The evaluation of uenotvpes 
in unbordered plot., can be hampered by bias from imergenotvpic competition. 
Plan: charactenstics that often contribute to intergenotypic competition in a crop 
include such factors as deferences in height and time of maturity. To reduce 
imergenorypic companion, genotypes with similar characteristics may be erouped 
w,th,n repl.cat.ons. The position of each genotype may be varied from one 
repl.cai.on to the next. This procedure, sometimes referred to as restricted ran- 
dom.zat.on. has the advantage of reducing the effects of interscnotvpic com- 
petition in unbordered plots. The primary disadvantage is that all genotvpes in 
a test cannot be compared with the same level of confidence. Genotvpes' within 
a sroup are spaced closer m „eh other than gen^-pes ;„ different 'croups and 
are less affected by environmental variation amonc plots. 

The use of bordered plots eliminates the needfor sroupinc ecnotvpes. The 
performance of genotypes in pk.b j>. not influenced bv intercenotvpic compe- 
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ation: therefore, randomization is practical. An increase in land. seed, and Other 
re>oua-eN will be needed for replacement of unhordered plot> with bordered ones. 

Experimental Designs for Replicated Tests. The arrangement of' genotypes in 
replicated tests involves primarily the use □ either the randomized eomplew- 
block design or incomplete-block designs. The Latin square is used only in 
special circumstance* when the number of entries is small i Cochran and Cox, 
1957). The honeycomb design can be used for replicated testing but is considered 
too difficult to implement for a large number of lines (Fusoulas, 1981). 

The differences between the randomized complete-block and incomplete- 
block designs relate to their ability to account for environmental variation within 
a replication. The two types of design differ in restrictions on die size of a 
replication, randomization procedures, analysis of data, and comparisons amon£ 
genotypes. 

The term* complete-block and incomplete-block refer ro the arrangement of 
genotypes in an experiment f Fig- 19-8). A block and a replication are equivalent 
in a randomized complew-bluck design. A block contains all or the genotypes 
in the test and is considered complete. Genotypes arc divided into more than 
one block within each replication of an incomplete-block design. The blocks arc 
considered incomplete because they contain only part of the genotypes. A number 
oF different rypes of incomplete-block designs are available (Cochran and Co.x. 
1957). The most common t>pes used in plant breeding are referred to as lattices. 
In a lattice design, a replication is divided into blocks that collect! veh contain 
all the genotypes in a test (Fig, 19-8). 

The" incomplete-block designs are intended to provide more control over 
environmental variation within a replication than is possible with the complete- 
block design. The ideal situation for genotype evaluation would be to test each 
genotype in the same plot, thus avoiding any environmental variation caused by 
differences in soil fertility, moisture, and other factors within a field. This is 
not possible, so the next best approach is to adjust the performance of each 
genotype according to the relative productivity of the plot in which it is evaluated. 
If one plot has better fertility and moisture than the average for all plots in a 
replication, the performance of a genotype in that plot will be adjusted downward. 
A genotype in a plot with lower productivity than the average will have its 
performance adjusted upward. 

Although individual plot adjustments are not possible, the lattice designs 
permit the" performance of a genotype to be adjusted upward or downward 
according to the productivity of the blocks in which it was grown. The random- 
ized complete-block design does not divide the replication into smaller units and 
is not able to adjust the performance of a genotype for environmental variation 
within replications. 

The effectiveness of the lattice design in accounting for environmental vari- 
ation within replications depends on the pattern of variation. Figure 19-9 shows 
two replication* with variation in soil productivity. The soil productivity in 



Received from < 515 334 8883 > at 1/6/03 6:15:11 PM [Eastern Standard Time! 



01/06/03 MON 18:34 FAX 515 



r 6883 



PIONEER HI -BRED DSM 



©064 



280 



WALTER R. FEHR 



Replication I 



\ 




3 


4 


5 


6 


7 


S 


9 


10 


11 


12 


13 


14 


15 


16 


17 


I* 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 

Replication 


40 


41 


42 


7 


13 


19 


25 


31 


37 


1 


U 


20 


26 


32 


3* 


2 


5 


21 


27 


33 


39 


? 


9 


15 


28 


34 


40 


4 


10 


16 




35 


41 


5 


n 


1? 


23 


29 


42 


6 


12 


18 


24 


30 


36 






Replication 


•*» 






12 


17 




28 


33 


3F 


2 


13 


24 


29 


35 


40 


4 


9 


20 


25 


36 


42 


6 


11 


16 


27 


32 


37 


I 


7 


IS 


23 


34 


39 


3 


8 


14 


19 


30 


41 


5 


10 


15 


21 


26 


31 



Figure 19-8 Lattice design for an experiment with 42 entries and three rep- 
lications. (Adapted from Cochran and Cox. 1957.) For a randomized complete 
block design, there are no blocks within a replication and the entries arc assignee 
at random to the 42 plots. 



replication 1 increases from left to right. The blocks of ihe lattice design ar 
arranged in a pattern that effectively measures the variation, as evidenced b 
differences in the mean for each block. The variation in soil productivity i 
replication 2 doe> not fit a consistent pattern. Much of the variation occurs withi 
blocks, and the mean performance of the blocks is relatively similar. The lam*. 
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Figure 19-9 The effeci of the pattern of variation in soil productivity on the 
effectiveness of the lattice design in accounting for environmental variation 
within a replication. The lattice would be more effective in replication ! than 
in replication 2. 



design cannot adjust for differences in productivity within a block; therefore, it 
would not be as effective in replication 2 as in replication I. 

The effectiveness of the lattice design compared with the randomized com- 
piete^block is expressed as relative efficiency. Relative efficiency is computed 
as a ratio of mean squares for experimental error of the two types of design. 

R e | a tjve mean square for error of lattice 

efficiency ~ mean square for error of randomized complete-block 

The ratio is used to determine the number of replications that would have to be 
used with the randomized complete block to achieve a precision in detecting 
differences among the means of genotypes equal to that with a lattice design. 
A relative efficiency of 150 percent indicates that 50 percent more replication 
would have been needed with a randomized complete-block design than with a 
lattice. 
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The two types 01" design differ in the flexibility thai is possible in a test, The 
randomized complete-block can accommodate any number of genotype? or rep- 
lications. The lattice design requires that a specified number of genotypes and 
replications be included. For example, no lattice design can be used with 44. 
58, or 74 genorypes. There is no restriction in a randorm2ed complete-block for 
the length and width of a replication. For example, a test with 72 entries could 
be planted 8 plots long by 9 plots wide or 6 plots long by 12 plots wide. The 
Shape of replication for a particular number of genotypes in a lattice is not as 
flexible. A test with 72 entries could be planted 8 plots long by 9 plots wide, 
not 6 plots long by 12 plots wide. 

The randomization of an experiment and statistical analysis of data arc more 
complex for a lattice than for a randomized complete-block. This can be important 
if the work is done by hand, but not if done by computer. Computer programs 
are available that will readily accommodate either type of design. 



EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number of genotypes ia important for genetic 
improvement. Plant breeders have been actively involved in the development of 
equipment that permits them to evaluate more genotypes with equal or greater 
qualit> than was previously possible. The equipment ranges from simple hand 
devices to sophisticated computers. 

Each crop has unique characteristics that influence the type of equipment 
used, Even for a certain crop, breeders differ as to the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how large numbers of genotypes are evaluated by plant 
breeders. 



Preparation of Seed for Planting 

The main steps involved in preparing a field experiment include packaging the 
seed and placing ii in the proper arrangement for planting. Computers can be 
used to randomize entries and assign plot numbers. The computer system can 
prim an adhesive label for each packet of seed to be packaged. The label contains 
the ploi number, the entry number, and other information of value to the breeder. 
The plot and entry information also can be printed on pages used to record data 
in the field. The same work can be done by hand, but would require a large 
amount of labor and would be more subject to human error. 

Seed is counted by hand Or b> elepirtmic counting devices. If the number of 
seeds for a plot is large and precise numbers are not required, the seeds may be 
mcuMired bv volume. 
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Rapid planting of phus can be accomplished with ensine-driven planters. Mul- 
tiple-row plots may be planted from a single packet when each ro* does not 
require the exact same number of seeds. The seed is passed through a divider 
that ^cpurutcs the *eed inco j fraction for each row. The divider may be u powered 
spinning device or a gravity system. 

The planter can move through the field without stopping. Seed for a row is 
placed in a container above a planting cone. When the row is to be planted, the 
container is lifted and the seed drops onto the planting cone. Two types of cones 
are used to distribute seed along the row. For one type, the base turns and carries 
the seed to the outlet. There it is knocked from the base by a stationary plate, 
falling through the outlet to the soil. This type of cone is used for relatively 
smalf seeds chat do not roll easily, such as barley. The second type has fins 
mounted on the center cone. The seed falls onto a stationary base and is dragged 
by the fins to the outlet. The fins are well suited to relatively larue *esds. 
particularly those that have a tendency to roll easily, such as maize and soybean. 
The length of a plot is a function of the distance traveled by the planter before 
all the seed has left the cone. At a constant ground speed, a cone must turn 
faster for short rows than for long rows. Adjustment of the speed of the cone 
rotation can be accomplished readily by several mechanical systems, 

While the seed for one plot is being planted, the seed for the- next plot is 
put in the container above the cone. There are a number of ways to determine 
when the container should be lifted to begin a plot. One way is to mark the 
beginning and end of each plot in the field before planting starts. When the 
planter reaches the beginning of a plot, the operator lifts the containers manually 
or electronically. The advantage of this procedure is that the location of each 
plot can be identified as soon as planting is complete. The second way is to use 
a cable extended across the field that has knobs spaced along it. The .spacing 
between knobs is equal to the length of the plot and the alley. For plots that 
have rows 5 m long with a t m alley between them, the knobs would be spaced 
6 m apart. As the pFanter passes by the cable, the knobs signal when the container 
should be lifted manually, or it activates an electronic tripping device. The cable 
is moved after each pass across the field. Use of the cable saves time at planting 
bv climinatine the need to mark the sran and end of plots manually. 



ni 

it 



Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding. The chemicals generally are those applied for weed control in com- 
merciaf production of the crop. Cultivation equipment may be especially deigned 
for use in research fields or may be the same equipment used commercially. 
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Preparation of Plots for Harvest 

Trimming of plots to a constant length before harvest is done manually or with 
specialized equipment. Plots of small grains generally are trimmed to a constant 
length early in the season when the plants are about 30 cm tall. A rototiller or 
mower is passed along the end of each plot to kill the unwanted plants. The 
rototiller may be mounted on a tractor or may be a self-propelled unit that a 
person walks behind. Plots of soybean can be cut to a constant length with rotary 
mowers before seed filling begins. Two mowers are attached to a pipe so ihar 
they are separaied by a distance equal to the desired plot length, and arc driven 
perpendicular to the length of the rows. 



Harvest 

The most common type of harvester for the measurement of forage yield in the 
United States is a self-propelled flail chopper. The machine cuts the plants with 
a rotating Rail that throws the cut portion into a collection point behind the driver. 
The plant material for a plot may be collected in a plastic container and weighed 
on a stationary scale set up in the field. To eliminate the labor required to use 
containers, an electronic scale can be mounted on the machine. The plant material 
is weighed and then it is discarded into a wagon. 

The harvest of plots for their seeds is conducted with three different pro- 
cedures* or type* of equipment. One procedure is to collect that part of the plant 
that bears the seed. weigh it directly, or earn it to a stationary machine for 
threshing. The plant pan may be removed by hand or may be collected with a 
machine, such as a mower with a collection basket mounted behind the sickle. 
The harvested sample may be threshed immediately or dxi^d for a period of time 
before threshing. One popular type of stationary machine ia the Vogel thresher. 
The plants pass vertically through the machine as they arc threshed. For a second 
type of stationary thresher, the material passes through the threshing cylinder 
and falls on a sieve chat helps separate the seed from the plant debris. Air is 
used to separate the seed and the plant debris in both types of machine. 

The second procedure for harvesting plots is to use a self-propelled thresher 
specifically designed for small plots. The plant part with the seed is gathered 
into the machine and passes through a threshing cylinder, then the seed and plant 
debris are separated by sieves and air. The seed may be placed into a bag and 
saved or may be weighed immediately and discarded. Seed harvested from .self- 
propelled machines generally is more subject to mixtures than that harvested 
with a stationary thresher. 

The third type of equipment is u commercial combine modified for the harvest 
of small plots. A commercial unit is used only when the amount of seed harvested 
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from a plot is relatively lurse and i> not iJivevi tor pluming. Modification* of the 
commercial combine include reduction of the number of rows harvested and the 
addition of equipment For weighing the seed. 

Data Collection 

Usually a number of characters are measured on each plot, such as height, 
standability, and yield. The data may be recorded in a field book, then manually 
entered into the computer for statistical analysis. Alternatively, the information 
may be recorded in an electronic data collector and transferred directly to the 
computer. This saves time and reduces the possibility of human error. Plot and 
entry designations also can be recorded on labels that can be read inro the data 
collector by an electronic scanner. 



Data Analysis 

Computers facilitate the selection of lines by summarizing data in whatever 
manner is beneficial to the breeder. They save an extensive amount of time, 
minimize human error, and permit data to be summarized in a short period of 
time. 
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1991: Bockkl et at. Chakkahorty t* ttl (1994) 

demonstrate that putvinity eim lie determined in cases 
where the mother is unavailable for testing. Lanc et 
aL (1993) partially reconsmictrrl die ONA profile of a 
missing crocodile parent using profiles of the mother 
and progeny. 

Chakraborty el al. (1988) and Smouse and Mkaghgr 
(1994) report that reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed from the use of an insufficient 
number of independent hypervariable loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of patemicy for each noneaduded male 
(Berry and Ceisszr 1986; Meagher 1986; Meachsr 
and Thompson 1986; Thompson and Meagher 1987; 
Devlin el U 1988; Berry 1991). Marshall etal. (1998) 
draw attention to the quality of data that is encountered 
practically in genorypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate mates, data may be missing for some 
loci in some individuals, null alleles exist, and typing 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phylogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in- 
heritance. For example, apparent exclusions can occur 
En circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con* 
sequence, there are numerous (and often very similar) 
pedigrees. The effective number of murker loci that can 
discriminate between alternnre pedigrees is proportion- 
ally reduced as parents are increasingly related- Conse- 
quently, inbred lines can be more .similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage arc in circumstances where there is a prion 
information for at least one of the parents (usually the 
maternal parent) . Limited availability of marker loci and 
the lack of very high-throughput genotyping systems 
offering inexpensive datapoini co.sts may have focused 
research on studies that involve relatively few individuals 
and where there is at least some a priori indication of 
parcnuige. Studies that have been conducted without a 
priori information on parentage include species where 
reproductive behavior renders identification of the ma- 
ternal parent difficult or impossible. Examples include 



those undertaken on birds that practice brood parasit- 
ism (Al.l)ERSON et aL 1999) or extra-pair copulation 
(VWn orvt et al. 1992) or on species such us the wombat 
that are difficult to observe in the wild (Tavi.ok et al. 
1997). 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree, first, molecular marker 
technologies are rapidly developing and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within thcplantand animal kingdoms including individ- 
uals in which there Is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology that can be used to quami fy the probabil- 
ity of parentage of hybrid genotypes. We focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
to residual heterozygosity in parental seed sources* miss- 
ing data, and laboratory error. The methodology has a 
number of advantages: (i) It can accommodate large 
darasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize {Zea mays 
L.) hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with their parental 
and grandparental genorype$ included among a total 
of 386 inbred lines. The methodology is applicable to 
the investigation of parentage for all progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AMD METHODS 

Algorithm: Consider an index hybrid whose parentage Is 
unknown or in dispute. Inbreds in an available database are 
possible ancestors of the hybrid. The objective is to find the 
probabilities of closest ancestry for each inbred on the basis 
or information from SSRs from the index hybrid and the 
inbreds- There is no reason to trim the database by removing 
inbreds ihought to be unrelated to the imlrx hybrid because 
cheir hick of relationship will bet disco vrrrd. 

C /insider a pair of possible ancestors, inhrrcl i and inbred 
j. There is nothing special about this particular p:«r as all 
pirs will be treated similarly. Tht* pi'iurs* involves calculating 
thf probability that inbreds /and /are in thr hybrid's ancestry, 
rcpi-ining this for all psiirs of in tired* in rhc ctonibast:. 
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The braU of the algorithm is Bnycs' rule Bkkkv I'.HH. 
19%). Lei Pth ylSS&o *t;mtl Fur the (posterior) probability 
that /and y are ancestors of the index hybrid given the informa- 
tion from the various SSR*. Let P[Lj) stand for the uncondi- 
tional (or prion probability of the vinic event. Fiiwlh. 
/*(SSRsli. j) is the probability of observing the various SSR 
res til IS if in face /' and ; are ancestors. Saves' rule say* 

P[i,j\$$te) = flSSteU,y> X *(/.j)/2[P(SSRsl*, i>) X P(u\ v)\. 

where the sum in the denominator is over all pairs of inbreds, 
indexed by u and t-. /\SSRsi;, /) X P{i, j) is one of the terms 
in the denominator. (To compute the denominator in the 
above expression, fix a particular order to ihe inbreds in the 
database and cake u< v in expressions involving the pair { u, 
tf). If there are 586 inbreds. for example, then the number 
of pairs and the number of terms in the denominator is 
586(587}/2 = 171,991.) Inbreds i and j may be parents or 
grandparents or other types of relations or bear no relation- 
ship at all to the hybrid. If there arc more than two ancestors 
in the database, such as both parents and all Four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities. If the hy- 
brid's true parents arc in the database, then as a pair the)* will 
typically have the highest overall posterior probability- If buth 
i and j happen to be related to one particular patent of the 
hybrid, then as a pair their posterior probability will be low 
because they will not usually account for many of the alleles 
that arc contributed by the other parent of the hybrid. 

We will make the "no-prior^nformation'* assumption that 
P(«, v) is the same for all pairs (u, v). This implies that this 
factor is cancelled from both numerator and denominator in 
the above expression > giving: 

W^lSSRs) = FC5SRili\;)/XflSSR3l* v). 

The problem is then to calculate a typical /'(SSRsli, j), Assume 
inbreds iand yarc both ancestors. We calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no assumptions about relationships among the various 
inbreds. Other possible ancestors will be considered implicitly 
in the calculation by allowing their alleles to be introduced 
through breedings with / and j. However, che nature of such 
breedings is not specified. Suppose inbred *"$ alleles are (a, 
b). Each descendant of inbred i receives one of these two 
alleles or not. An immediate descendant receives one with 
probability 1 (barring mutations). A second generation de- 
scendant receives one of them with probability 0.5- And so 
on. Since degree of ancestry (if arty)- is unknown, we label the 
actual probability of passing on one of these alleles to be P. 
Similarly, an allele from inbred j has been passed down to the 
hybrid or not, and the probability of the former is P. In the 
following. Pwill be taken to equal 0.50, although we will also 
consider P - 0.99 in some of the calculations. 

Assuming P « 0.30 is consistent with the closest ancestors 
In the database being grandparents. However, we are not 
interested in grandparents per se. If the closest ancestors in 
the database were parents, then as indicated above P should 
equal I (ignoring rnu unions and laboratory errors). Our pri- 
mary concern is when the parents are not in the database. In 
this case /'is no greater than 0.50. Assuming P= 0.50 is robust 
over the middle range of possible values of P. One way in 
which it is robust is if there may be mutations and laboratory 
errors. In which case P would have to be <l. Taking i* to 
equal 0.50 levies little penalty against a particular pair in which 
there is an apparent exclusion from direct parentage- There- 
fore taking P io be <1 means that if the true parents art m 
the database then thev will not be ruled mu if there happen 
tu be mutations and laboratory errors. And if rhc closest ant es* 
tors in the docnbtisc arc more remote than grand parents, rhcy 
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arc likely to be identified because they will usually have the 
fewest mismatches of the lines considered. 

When / and j are ancestors there are four possibilities: (1) 
The alleles of both Inbreds / and / were passed to the hybrid, 
(2} inbred i came through but not inbred j. {?>) inbred j 
came through but not inbred /. and (4) neither inbred came 
through. .Assuming independence, these have respective prob- 
abilities P-. P{\ - F)> P{1 - ft. (1 - P)\ In the case P = 
0.50, all of these probabilities equal 0.25. 

An instance of the law of total probability (Sec. 5.3. Berry 
1996) is that the probability of observing a hybrid's alleles is 
the average of the conditional probability of this event given 
the above four cases, The simplesr of the four cases is the 
first possibility: Assuming the hybrid's alleles are passed down 
direcdy from both inbreds* the probability of observing the 
hybrid's genotype U either 1 or 0 depending on whether the 
hybrid shares both inbreds' alleles. (It is especially easy when 
both inbreds are homozygous.) The other three cases require 
an assumption regarding the possibility that an inbrcd's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. We regard such 
an allele as being selected from all known alleles with probabil- 
ity )/ (number of alleles), where the number of alleles i$ the 
total number of alleles known to exist at the locus in question. 
An alternative approach would be to use the allelic propor- 
tions chat are present in the database (or in another database). 
However, the lines in the database may not be randomly se- 
lected from any population. For example, a line that has been 
highly used in breeding would have many derivative lines in 
the database, in which case the frequencies of its alleles will 
be artificially inflated. Assuming equal probabilities for the 
various allele* at a given locus is robust in the sense that it is 
not affected by adding and dropping lines from the database. 

There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbreds, and allowing for the 
possibility of missing alleles or "extra alleles" in the assessment 
of the hybrid and inbred genotypes. These possibilities are 
too numerous to list. Instead we give three simple examples. 
All the eicamples have homozygous inbreds, the most common 
case. And each of the three hybrids has two alleles, again che 
most common rase. We suppose that the measured alleles for 
three SSRs and a particular trio of hybrid and ancestor inbreds 
are as we have indicated in Table 1. 

For SSR 1 there arc three known alleles* one in addition 
to alleles a and b that are listed for the three lines (hybrid, 
inbred i, and inbred j) in Table 1. For SSR 2 and SSR 3 
there arc two known Alleles in addition to those listed. The 
calculations in the right half of Table 1 will now be explained. 
Implicit in calculating P(SSRJ is the assumption — required 
in both the numerator and denominator of Bayes* rule — thai 
inbreds i and jare ancestors of the hybrid. Consider SSR I. 
In ease 1 above, both ancestors' alleles (as measured by the 
laboratory process) are assumed to pass to the index hybrid, 
and so in this case the hybrid is necessarily ah. The probability 
of observing the actual hybrid's genotype is 1 for case 1, as 
shown in Table 1- In case 2, we assume that inbred j?s allele 
passes to the hybrid but Inbred /s does not. Indeed, the hybrid 
has an n allele. The probability of observing a b as the other 
allele is l /(number of alleles) = 1/ 3, as shown in Tabic i. 
Case 3 is similar. In case 4. neither ancestor allele is passed 
to the hybrid; the probability of observing the hybrid's geno- 
type (or any heterozygous genotype) is 2(1/3)11/3) - 2/9, 
Since P- 0.50. the overall (unconditional) prohnhility in the 
rightmost column (17/36) is the simple average of the four 
case*, as indicated in Tuble 1 . 

Fur SSR 2 and SSR 3 the calculations arc similar. For SSR 
2 there is some evidence against pair (>, j) being ancestors. 
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Probability of observing a hybrid's alleles using three sample SSRs and four possible combinations (cases) 
of alleles passed, assuming that inbreds i and j are ancestors of the hybrid 
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but it is not conclusive. For SSR 3 there is even less evidence 
favoring pair (<, j). U would not take many SSRs with evidence 
similar to that for SSR 3 to essentially rule out this pair- 
provided that other pairs are not similarly inconsistent. 

To find the overall /\SSRsU, j). multiply the individual 
P{$SR]i t j) over the various SSRs. There are purely computa- 
tional issues to address. Each /^SSRIi, j) is a number between 
0 and 1. When there are a great many 55Rs. the product of 
these numbers will be vanishing]) 1 small- To lessen problems 
with computational underflow, for each SSR we multiply 
PCSSRJu, v) by iht same constant for each pair (u, v): the 
inverse of the largest possible such probabilicy. For example, 
since 17/36 is the largest probability for a heterozygous hybrid 
at an SSR having three alleles {as is the case for SSR I in 
Table I), we multiply all factors f(SSR/tu, v) by 36/17. To 
eliminate remaining problems with underflow, wc rift calcula- 
tions using logarithms (adding instead of multiplying) and 
take an ti logs at the end. 

The probability TOSR) u, -j) is calculated for all ( u, v) pairs 
and summed over all possible pairings In the database, includ- 
ing that for the inbred pair under consideration: This 
gives the denominator in the expression for /I SSRs). 

To determine the probability thar any particular inbred, say 
inbred t, is the closest ancestor of the index hybrid, sum 
/>(SSR!i r v) over a\\ inbreds v with u =/ i Call this /V'SSRs). 
The minimum of /^ISSRs) for any inbred t is 1- Bui since 
there is one closest ancestor on each side of the family, the 
sum of J^flSSRs) over all inbreds i is 2. If there is a particular 
pair (ij) forwhich /UjlSSRs) is close to 1 then both /'(/iSSRs) 
and ^(/ISSRs) separately will be close to 1. 

SSR data: DNA was extracted from 54 maize hybrids and 
from 586 maize inbreds. All of the hybrids and most inbreds 
are proprietary products of Pioneer Hi-Bied International; 
some important publicly bred inbred lines were also included- 
The inbred parents and grandparents of each hybrid were 
included within the set of inbreds. Other inbreds thai were 
genotyped include many that arc highly related by pedigree 
to parents and grandparents of die hybrids. The hybrids were 
chosen because each has a pedigree that is known to us and 
collectively they represent a broad array of diversicy of maize 
germplasm that is currently grown in the United States ranging 
from early to kite maturity. 

A total of 19i> SSR loci were used in this study following 
procedures described in Smith ?i (ti. (1997). but modified ns 
described below. SSR loci were chosen on the basis that they 
individually have been shown to have a high power ot discrimi- 
nation among maue inbrtrd lines and collectively they provide 
for a sampling of riivtMsity for r;trh chromosome ami. Of rhese 
SSR loci, the following numbers (i» parentheses) were located 
OP individual maize flininiusomes as follows: 1 (35). 2 (2*>>, 
* (22), 4 (20), 5 (lii>. rt itf). 7 (6). 8 (1SK 9 <1'>), and 10 



(14); 17 SSR loci have not yet been mapped. The correlations 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci co be assayed are available at website htrp:// 
www. agpon.missouri.edu. All primers were designed to anneal 
and amplify under a single set of conditions for PCR in 10-uJ 
reactions. Genomic DNA (10 ng) was amplified in 1.5 m.vt 
MgCl 5f 50 mM KCl, 10 mM Tris-Cl (pH 8.3) using 0.3 units 
AmpIiTaq Gold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs {one primer of each pair was fluores- 
cently labeled) at 0.17 u.m and 0.2 mM dNTPs. This mixture 
was incubated ac 95* for 10 min (hot start); amplified using 
45 cycles of de maturation at 95° for 50 sec, annealing at 60 6 
for 50 sec, extension ac 72* for 35 sec; and then terminated 
at 72° foi 10 min. A wwicr hflrh therm o cycler manufacturer! 
at Pioneer Hi-Bred International was used for PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 u.1 of each product to. a total of 27 u.1 using a combination 
of PCR products generated from Other loci for thai same 
maize genotype (multiplexing) and/or dHSO. Dilution of 1.5 
p.1 of this mixture to 5 yd with gel loading dye was performed; 
it was ihen electrophoreses at 1700 V for 1.5 hr on an ABI 
model 377 automated DNA sequencer equipped with GENE- 
SCAN software v. 3.0 (PE-Applied Biosystems, Foster City, CA). 

PCR products were sized automa'ticalry using the "local 
Southern" siring algorithm (£ld£k and Southern 1987). 
After sizing of PCR products using GeneScan* alleles were 
assigned using Genotyper software (PE^Applicd Biosystems) . 
Generally, allele assignations For each locus were made on 
the basis of histogram plots consisting of 0,5-bp bins. Breaks 
between the histogram plots of >1 bp were generally consid- 
ered tv constitute separation Ivrween allele bins; however, 
other criteria, such as rhe presence of the non template- 
directed addition of adenine (+A addition) and naturally 
occurring Nbp alleles, were used on a marker-by-markcr basis 
to define the allele dictionary. All allele scores were made 
without knowing the identities of the maize genotypes. 



RESULTS 

Table 2 presents the probability of closest ancestry of 
the Lop five ranking inbred lines for each of 5 hybrids 
at P •* 0.50 (Table 2A) and P = 0.99 (Tabic *>B) . Proba- 
bilities of ancestry are shown for all 54 hybrids and Lhe 
top ranking inbreds in Figure 1; P = 0.50 (Figure la) 
and P- 0.99 (Figure lb). Results For die hybrids pre- 
sented in Table 2 arc IV.iturecl at the top of Figure I. 
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Probability of ancestry of five hybrids using data obtained from 50, 100, and 195 &SR loci 
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Ficukk I.— (n) Probabilities of ancestry, assuming P = 0.50, for all 54 hybrids and top ranking inbrcds— ihose with probability 
of aiicesiry ae least 10" ". (b) Probabilities of ancestry, retiming P - 0.90. for all 54 hybrids and top ranking inbrcds— those 
with probubiliu of ancestry at least 10"*'. 



Received from < S15 334 6883 > at 1/6/03 6:15:11 PM [Eastern Standard Time] 



0 1/06/ 03 MON 18:40 FAX 515 



6883 



PIONEER HI -BRED DSJP 



0076 



Probability oF Ancestry Usin^ SSR 



8iy 



b 

Hybrids 

3417 

3:>25 

3556 

3905 

3940 

3146 

3162 

3163 

3189 

31A12 

3245 

32JS5 

32K61 

3335 

3343 

3348 

3352 

3373 

33016 

33T90 

33Y18 

34 n 

3*89 

3491 

3496 

34B15 

34GSI 

3314 

3315 

3340 

3547 

35S9 

3363 

3568 

35B26 

35R37 

3615 

36Y95 

3730 

3733 

3753 

3790 

3960 

3S93 

3RT70 

38P03 

38RJ3 

3903 

3907 

3914 

39K3S 

XQ913A 

XI 132ft 

XJ132S 




FicURK 1.— Continual 



Probability of ancestry (log l0 ) 



When the algorithm used P = 0.50, the two correct 
parents were identified as highest in probability for 48 
(89%) hybrids (Figure 1). For each of 6 hybrids (3893, 
38P05, SftR52. 3905. 3914. and X09I5A)! one parent 
ranked in the top rwo places. The other parent was 
supplanted either by a sister inbred or by an inbred that 



was a direct progeny of that parent. Overall, 3 02 
of 108 parental inbreds were correctly identified. For 
hybrids where both parents ranked first or second, the 
range of probabilities for parental lines that ranked first 
from among all other inbreds ranged from 1.0000 to 
0.9997; parental lines ranking second ranged from 



Received from < S15 334 6883 > at 1/6103 6:15: 1 1 PM [Eastern Standard Time] 



01/06/03 MON 18:40 FAX 515^*4 6883 



PIONEER HI-BRED DS] 



I). A. Krrry ft id. 



1 .0000 to 0.tHif>3. For 35 hybrids, both parents had prob- 
abilities of aitcony in excels of 0.999. Probabilities of 
ancestry For no n parents thai ranked in first or second 
places were from 0.yy c J9 to 0.7054. Fur the majority, of 
hybrids, the probability of die third and highest ranked 
nonparental inbred was at or below E-06. This indicates 
that there is usually very little uncertainty about closest 
ancestors. 

When the algorithm used P = 0.99 to examine each 
of the 54 hybrids, both parents were correctly Identified 
for 52 (96%) of hybrids and for 98% (102/104) of the 
parents across all hybrids (Figure 1). Two hybrids (3914 
and X0915A), in which one parent -was not ranked in 
the top two, were also in the subset not ranked in the 
top two assuming P = 0.50 (above). In both cases their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental line, for 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cess of 0,999. Among die 5 hybrids having a parent 
ranking second with a probability of ancestry below 
0.999, the lowest of these probabilities was 0.8976 and 
the highest probability for a third ranking nonparent 
was 0.1023. For most hybrids the probability for the 
third and highest ranked non parental inbred was at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than rwo 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ^3-3% of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alletes per locus 
Can be scored when DNA is extracted Froin a hulk of 
individual plants and because inbred parents arc not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequcndy, standard errors in the case of ana- 
lysing data from 195 loci tend to be very small because 
there were few loci where an inbred or hybrid sample 
(from a hulk of individual planes) was scored for more 
than two alleles. 

Marshall et al. [ 1993) have drawn attention to errors 
that can be encountered in geno typing surveys. These 
errors include misting data, null alleles, and typing er- 
rors. We therefore investigated the robustness of the 
algorithm by examining the effects of modifications in 
the data for five hybrids (3417, 3525. 3556, 3W5. and 



3940). First, we reduced the number of SSRs used, from 
the full set uf 19:5 to 100 and then to 50 (Table 2). Use 
of 50 loci generated incorrect rankings of one parent 
fur each of two hybrids (3417 mid 3940) and for both 
parents of one hybrid (3905), All of these most highly 
ranked non parental inbreds were closely related to the 
true parents for each of the respective hybrids; six differ- 
entinbred lines were involved. Four were direct progeny 
of the true parents (one with additional backcrosscs 
from the true parent) and two were full sisters (from a 
cross of highly related inbrcds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3905. Ail four nonparenis 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
all 195 loci corrected the placement for one of the 
parents of hybrid 3905, Two inbreds that were not par- 
cnts of this hybrid remained ranked more highly than 
one of the true parents. Both were direct progeny of 
that parent, and one of these inbrcds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratory and other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). We also combined the 
scenarios of missing data and wrongly scored data. Table 
S contains a summary of the results of making these 
modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 50 and I Of) loci. In each case, 
the program was run 20 limes for each hybrid/set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
lines at levels of 2, 5 T 10, and 25% of the alleles for each 
of five hybrids and all inbreds beyond the level of error 
as originally scored by the laboratory. Wc examined the 
effects of these levels and types of error for three sizes 
of database: 50 loci, 100 ioti, and all 195 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 341/, 3525, 3556, 3905. and 3940. One of these 
hybrids (3905) was chosen because one of its parents 
did not rank among the top two places even when the 
complete and unmodified data from all SSR loci were 
used. 

Examples of robustness in ihr face of additional error 
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ABSTRACT 

DeterminaUuii of parentage is fundamental to Che study of biology and co applications such as th* 
identification of pedigrees. Limitations 10 studies of parentage have stemmed from the use of an insufficient 
number of hypervariabtc loci and mismatches of alleles that can be caused by mutation or by laboratory 
error and that can generate false exclusions. Furthermore, most studies of parentage have been limited 
to comparisons of small numbers or specific parent-progeny triplets thereby precluding large-scale surveys 
of candidates where there may be no prior knowledge oF parentage. We present an algorithm chat can 
determine probability of parentage in circumstances where there is no prior knowledge of pedigree and 
that is robust in the face of missing dua or mistyped data. We present data from 34 maize hybrids and 
336 maize inbreds that were profiled using 195 SSR loci including simulations of additional leveU of 
missing and mix^ped data to demonstrate the utility and Flexibility of this algorithm. 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biology. 
The Increasing availability oF highly discriminant ge- 
neric markers for many diverse species provides the 
potential to uniquely characterize individuals at nurner* 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknown* in error, or in 
dispute. 

Identification of parent-progeny reladonships in Mid 
populations oF animals and plants provides insights into 
the success of various reproductive strategies (Ell- 
frrtUND 1984; Smousk and Meagher 1994; Ajlocrson 
et aL 1999) and has allowed for the implementation 
of management programs to conserve genetic diversity 
(Millw 1975; Rannah and Mountain 1997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and planes allows 
parents that have contributed favorable alleles for desir- 
ahle traits through selective breeding programs to be 
identified (Bowers and Meredith 1997; Sefc et aL 
1998; Vankan and Faddy 1999). These applicadons of 
associative genetics facilitate farther progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legnl rights of guardian- 
ship in humans, to help protect intellectual property in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks offish, and to identify 
provenance of meat that is available in supermarkets 
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(Cotz and Thaller 1993: Primmer ai 2000; White 
tt at. 2000). 

Most studies of pedigree have utilized exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the identity 
of the mother is not in question: the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (Eu-STRamd 19S4; Hamrick and Schnabel 
1985). Individuals who could not have contributed the 
paternal genotype are excluded: the remainder are pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the basis of exclusions exhibited by at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the likelihood of a false declaration 
of nonpaternity on the basis of marker results that are 
actually, due to mutation within the phylogeny. Bei* et 
aL (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternity in humans has also 
been instituted (Gunn aL 1997). In studies of natural 
populations of animals or plants where numerous par- 
ent-progeny triplets are examined it is usual to accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall et aL 1995). Paternity testing has been es- 
tended to situations where DN'A from either parent is 
unavailable, for example, paternity can still he estab- 
lished in circumstances where the putative father is* de- 
ceased hut his purciiLt ure Aiitl alive (HklminEN W ttL 
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(1904) report chat reliance upon exclusion ahne has 
usually failed CO unambiguously resolve paternity. Limi- 
tations have stemmed from the use of an insufficient 
number of independent hyp ervari able loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexcluderi male 
(B&rry and CeissER 19*6; Mbachkr 1936; Meagher 
and Thompson 1 1936: Thompson and Meachkr 198 i; 
DKvaN ttaL 19S3; Berry 1991). Makhhau. Hal (1998) 
draw attention to the quality of data thai is encountered 
practically in genotypic surveys, Maternal genetic data 
may or may not be available, data may be absent for 
some candidate male*, data may be missing for some 
luci in some individuals, null alleles exist, and typing 
error* occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because cheir phytogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in- 
heritance, For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel butseparate tracks thereby all owing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
pedigrees. The effective number of marker loci that can 
discriminate between alternate pedigrees is proportion- 
ally reduced as parents arc increasingly related. Conse- 
quently inbred lines can be more similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a priori 
information for at least one of the parents (usually the 
maternal paren t) . Limited uvailabilitv of marker loci and 
the lack of very hisfh-throUghput geinityping system* 
offering inexpensive data point costs mav have focused 
research on studies that involve relatively few individuals 
and where there is at lea>i some *i /»it>ti indication of 
parentage. Studies that h;i\e Im-i-ii a inducted without a 
pritm information on pat rn tai^' iiu hide sp«-dvs where 
reproductive behavior render-* idcu ritual ion of rite ma- 
ternal parent difficult or iiupi^Mhle. Examples include 



r. -it 

thnM- undertaken on bird* that piatntt- l»nn»d parasit- 
ism (At dkrson tt ai UW) or eMta-piuj copulation 
(UViton H aL iy*JU) or on >pt\ ies su*.h as the wombat 
thai are ditticult to uh*ervi' in the w\\r\ *'{' wi.uu »t «L 

l^HtTi. 

Tvvu ciicumstances favor a reused approach co the 
statistical analysis of pedigree. First, molecular marker 
technologies are rapidly dc\ eloping and will allow nu- 
merous loci to be typed for thousand* of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within the plant and animal kingdom* including individ- 
uals in which there U no prior knowledge of pedigree, 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology that can be used to quantify the probabil- 
ity of parentage of hybrid genotypes. \\\- focus on par- 
entage because it is the primary focus of publUhcd litera- 
ture and it is rht* easiest level of ancesit^ tu understand. 
The method is robust in the face of mutation, pucudo- 
non*Mcndclian inheritance (apparent exclusions) due 
to residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages: (i) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci). (ii> it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize (Zea mays 
L) hybrids u^ing simple sequence repeat tSSR) marker 
profiles for 34 maize hybrids together with their parental 
and grandparental genotypes included among a total 
of 386 inbred lines. The methodology is applicable to 
the Investigation of parentage for all progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm; Consider an index hyhriel whose parentage is 
unknown or in dispute. Inbred* in an available database arc 
puN$ih!e ancestors of the hybrid. The ohjrrnvc is 10 rind the 
probabilities oF closest ancestry for each inbred on the basis 
of information from SSRs from the index rnhtid and the 
in birds. There nn rerun ti to trim tin- database by removing 
inhrrd.1 thought to be unrelated to the hide* hvbrid because 
their lack of relationship will he diMmercd. 

Consider a pair of possible ameMof*, inbird / anil inbred 
/. Ihi iv is nothing special about tht> pairnuku pair .is all 
p.iit-x-.uM he rreatrtl similarlv. 'Hit- ptoi tmi-Ki^ caUulatiug 
tbr pn»bahiliiv that inhiecU /'and .-art* in di»* In hi id's ancestry, 
lepra I nig dus for all pain i>r"uihivd* ui die daijba.M*. 
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The biiMN 'il ilit* .ilgr.iichm is R,t\es" rule Hi kni !'.".» I 
[■Hit'n. L.i't Mr. /tSSKr* *laud lot die I poMo i< m-i piiihaliilW'- 
thiir ratidyai'L' aiUcstorsnt'ihe hides hybrid »ivcti tin- into r ma - 
dou Fn>m 'he varimn SSRv t.r t /* /. /> sranrl tor rh#: imrnnril- 
tioir.il (or prum pi*"Wahilu> ot the same ew-ni. Kinaih. 
P*SSR*'/. «i nV on»hahiluv of ■srwrrviiv.; rhr various *>Sl< 
reals lla it hi iaa r ami ; air wiKc^uis. bay eh' rW *ay» 

where the wm in the denominator is over all pairs of in bred*, 
indexed by u and v. PrSSR*:/./) X P(i.;> is one of the tcrin* 
in the denominator. <To compute the denominator in the 
abo\e expression. 5* a particular order to the inbreds in die 
database and take u < c in expressions involving the pair < 
v). IF there are 5s?b" inbreds. for example, then the number 
of pairs and the number of terms in the denominator is 
586(5S7)/2 = 17 1.99 L> Inbreds i and j may be parents or 
grandparents or other types of relations or bear no relation- 
ship at all to the hybrid" If there are more than tw ancestors 
in the database, siich as both parents and ail four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities. If the hy- 
brid's wue par*firii .ire in the database, then a* a pair thev will 
typically have the highest overall posterior pmKibilicy. irimch 
i'and j happen to be related to one particular parent of the 
hvbrid, then as a pair their posterior probability will be lov. 
because they will not usually account for many of the alleles 
that are contributed by the other parent of die hybrid. 

We will make the *no-prior-in Formation" assumption that 
P[a t v) is the same for all pairs {», v)» Thw implies that this 
factor is cancelled from both numerator And denominator in 
the above expression, giving: 

i>(x. i /ISSFs) = fltSSRil/.yVSWSSRjdii. v\. 

The problem tS then to calculate a typical P[S&fc\t,j). Assume 
inbreds i and j are both ancestors. U'e calculate the probability 
of observing the resulting hybrid under this assumption- We 
make no assumptions about relationships among the various 
inbreds- Other possible ancestors will be considered implicitly 
in the calculation by allowing their alleles to be introduced 
through breedings with i and / However, the nature of such 
breedings is not specified. Suppose inbred fs alleles are (a. 
b). Each descendant of inbred i receives one of these ewo 
alleles or not- An immediate descendant receives one with 
probabiliry I (barring mutations). A second generation de- 
scendant receives one of them with probability 0.5, And so 
on. Since degree of ancestry (if anyt is unknown, we label the 
actual probability of passing on one of these alleles to be P. 
Similarly, an alleic from inbred j has been passed down to the 
hybrid or not, and the probability of the former is P. In the 
following* Pwill be taken to equal 0.50, although we wilt also 
consider P = 0.S9 in some of the calculations. 

Assuming P = 0-50 is consistent with the closest ancestors, 
in the database being grandpa rents. However, we arc not 
interested in grandparents per If the closest ancestors in 
the database were parents, then as indicated above P should 
equal I (ignoring mutations and laboratory errors^. Our pri- 
mary concern is when the parents are not in the database, tn 
this case PLs no greater than 0.30. Assuming P ■ 0.50 is robust 
over the middle range of possible values of P. One wav in 
which it is robust in if there mnv be imitation* and labnraiorv 
errors, in which case P would have to he <t. Taking P ro 
equal levies little penalty against a particular pair m which 
there is an apparent exclusion from direct pareura»e. Tl "-re- 
fore Caking Pto be CI means th.U if rhe true parents arc in 
the database rbrn rho wilt :mi he ruled "lit if'herr hapjwn 
to be imuaiionsnnd luhi>rjmrv errors. And if rhr rlns^t .U*fe*- 
tors in die database art* more remote than grandparents. ihr\ 



s I ' 



air hkeh to he tdt niilifd Iii'liu*'* ttd \ will tiMt.illv liaw i|u- 
few<*<r tni»>inaichr^ iaf tlir tin*** i frii.sHU'ittL 

When I and j are aucestiii'^ ihc-iv aa* I'mr ptKsihilitiev. { I j 
Tin- allele* of both Inbivri-i / and / '.irrr [XKSf'd to the hvbrid. 
t'Ji inhl'ed ' came thiuu^h bin uoi inbtcd J. i?*t inbred / 
Came through bur nnr tnbrrd /, .nirl nriiher inbred aii)-' 
Uu'uL;^it..^iLUiun^ uuit-'peudeut c. tfn->e ha'.e re?«pei:ttvc pl «>i>- 
ahllities P-. P!l - P). P{i - (I - P' : . In the case P - 
0.31). all of these probabilities equal 0.25. 

An instance of the law of total probability (Sec. 5-5, Burrv 
1006; is that the probability of oh>erviug a hybrid's alleles is 
the average of the conditional probability of this event given 
the ahove four case*. The simple* of the four casc« is chcr 
fi«t possibility: Assuming the In bud's alleles arc passed down 
directly from both inbrecU. the probability of obserMng the 
hybrid's genotype is either I or 0 depending on whether the 
hybrid shares both inbreds* alleles. (It Is especially easy when 
both inbreds are homozygous.) The other three cases require 
an assumption regarding the possibility chat an inbredN allele 
is not passed to the hybrid bus is interrupted by a mutation. 
a laboratory error, or intervening breeding. We regard such 
an allele as being selected From all known alleles with probabil- 
ity l/(number of alleles), where the numher of alleles is the 
total numbei of alleic* Vnown i> « exist tit :he torus In quotivu. 
An alternative approach would be co use the allelic propor- 
tions that Lire present in the database (or in another database) 
However, the lines in che database may not be randomly se- 
lected from any population. For example, a line that his he en 
highly used in breeding would have many derivative lines In 
me database, in which case the frequencies of its alleles will 
be artificially in Placed. Assuming equal probabilities for the 
various alleles at a given locus is robust In the sense that it is 
not affected by adding and dropping lines from the database- 
There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbreds. and allowing for the 
possibility of missing alleles or 'extra alleles'* in the assessment 
oF the hybrid and inbred genotypes. These possibilities are 
.coo numerous to list. Instead we give three simple examples- 
All the examples have homozygous inbreds, the most common 
case. And each oF the three rnbrids has wo alleles, again rhe 
most common case. We suppose that the measured alleles for 
three SSRs and a particular trio of hybrid and ancestor inbreds 
are as we have indicated in Table I. 

for SSR 1 there arc three known alleles, one in addition 
to alleles a and b that are listed for the three lines (hybrid, 
inbred ('. and inbred y) in Table I. For SSR !! and SSR 3 
there are two known alleles in addition to those listed. The 
calculations in the right half of Table I will now be explained. 
Implicit in calculating P(SSRl Uj) is the assumption— required 
in both the numerator and denominator of Bayes* rule— that 
inbreds i and j are ancestors of the hybrid. Consider SSR I. 
In case X above, both ancestors' alleles (as measured by the 
la bora to ry process) are assumed to pass to the index hybrid, 
and so in this case. che hybrid is necessarily ab. The probability 
of observing the actual hybrid s genotype is I For case I. as 
shown In Table 1. In case 2. wc assume that inbred ;"s allele 
passes to che hybrid but inbred /» does not. Indeed, the hybrid 
has aa a allele. The probability or observing a £as the other 
allele is 1/ (number of alleles) = 1/3. a5 shown in Table I, 
Case $ is similar. In case 4. neirhor ancestor allele is passed 
to the hyhtict: the probability ot observing the hybrid's !?e no- 
li pe (or any hereroTvgous genotype i is 2l t. 3>i I. 5i =20. 
.Since 7* ~ 0.50. the overall (unc-i>iulirionat> probability in the 
rhrhmiost column (17. :V>) is the simple average nf the luur 
rasrs, as iudiiateit m Table t. 

For SSR ^ ami SSR 3 rhe caU itlaiiuns are similar. rVu* SSR 
"2 there is Mime evidence against pair < /) being ancestors. 
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ProbahilUy of observing a hybrid's alleles twin- three sample SSRs and four possible combinations (cases) 
oF alleles passed, assumimr tha< inbreds / and y are ancestors of ihe h>brid 
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bin it is not conclusive. For SSR 3 there is even teas evidence 
favoring pair It would not take many SSRa with evidence 

similar to thai For SSR 3 to essentially rule out this pair — 
provided that other pairs are noc similarly inconsistent. 

To find chc overall P(SSRslf. j), mulciply the individual 
F(5$ftl/ f y> over the various SSR*. There arr purely computa- 
tional issues co address. Each ^SSRii,;) is a immbtr heewtvn 
0 and I, When there are a great many SSR*. the product of 
these numbers will be vnnishingly small. To lessen problems 
with computational underflow, for each SSR we mulriph 
/*(SSRiy, v) by the same constant for each pair (u. v): the 
inverse of the largest possible such probability. For example, 
since 17/36 is the largest probability For a heterozygous hybrid 
at an SSR having three alleles (as is the case for SSR I in 
Table I), we mulciply all Factors P[SSR/li£. v) by 3t>/17. To 
eliminate remaining problems with underflow, we do calcula- 
tions using logarithms (adding instead of multiplying) and 
cake analogs ac chc end. 

The probability ^(SSRIk. -j) is calculated for alt (t*. v) pair* 
and summed over all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: (i, /). This 
gives the denominator in the expression for P(j. ;!5SRs). 

To determine the probability that any particular inbred* say 
inbred i is the closest ancestor of chc index hybrid, sum 
AS5RU, v) over all inbreds v with v -/ L Call this P(iiSSRsi. 
The maximum of AilSSRsJ for any inbred i is 1. But -since 
there is one closest ancestor on each side of the family, chc 
sum of P(ilSSRs) over all inbreds I is 2. IT there is a particular 
pair forwhieh fti./SSRsi ii close co I chen both Ff/'lSSRsl 
and ^(ylSSfo) separately will be close to I. 

SSR data: DMA was extracted from 54 maite hyhrids and 
from 586 maize inbreds. AH of the hybrids and most inbreds 
are proprietary products of Pioneer Hi-Bred International; 
some important publicly bred inbred lines were also included. 
The inbred parents and grandparents of each hybrid were 
included within the set of inbreds. Other inbreds that were 
genocyped include many chat are highly related by pedigree 
to parents and grandparents of the hybrids- The hybrids were 
chosen because each has a pedigree that is known to us and 
collecdvely they represent a broad array of diversity of mai2e 
germplasrn thai is currently grown in the United States ranging 
from early to hue maturity. 

A total of 10S SSR loci were used in this study following 
procedure* dew ri hit I in Smith W hL but mtwItnVft a> 

described below. ,S.Sfc loci were chosen on rhe basis ihat (he^ 
individually hair "V 1 "" <Hn^n to have a high power of ilwrrlni i- 
nation amyujr m»i'»* itilm'd lines *md collecrivelv ilit'V provide 
Furasnmpliu.liol'divrisii* I'm t'arh i.'hmiiutsomr arm. Of rhc^* 
SSR loci, the fVillnuiny numbers \\\\ paiVnthoi'si **eir !*n .»ic»d 
on individual nui/e i hi nine is< lines as lV>lh*w*: I <:vV, "J *:!ib 
:\ CTJl. I i*J n >. ' * 0'>. 7 in). S i l,si, \) i \^\. and U> 



(14); 17 SSR loci have not yet been mapped, The correlations 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
ocher) SSR loci to be assayed are available at website htcp; '•' 
www.agroiumtaoiiri.edu. At I prinv;rs were designed to annual 
and ani^lity* under a tingle rfei of condtdonn For Vd< in 10-p.l 
rcactiot^s. Oetiomlc DNA (10 r^) was amplified in 1.5 tn.M 
Mgds, 50 m.M KCl. 10 msx Tris-Cl (pH S.3) using O.J unirs 
AmptiTaq Cold DN'A polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was Fluores- 
ce ndy labeled) ac 0.17 |a,m and 0.2 mM dNTPs. This mtvture 
was incubated at 95 J For Irt niin (hoc start): amplified using 
45 cycles of denacu radon at 95' for 50 sec. annealing at 60* 
for 50 sec. e-vtension ac 72 J for 85 sec; and chen terminated 
at 72° for 10 min. A water bath thermocyclcr manufactured 
ac Pioneer Hi-Bred International was used for PCR reactions. 
PCR products were prepared For electrophoresis by diluting 
3 p.! nFeach product to a total of 27 ^| using a combination 
Of PCR products generated from other loci Fur that *ame 
m;xi*e genotype (multiplexing) and/or dH20. Dilution of 1.5 
u.1 of this mixture to 5 u,l wirh ,^el loading dve vvos performed: 
it was then eleetrophoresed at ITQl) V for K3 hr on an ABl 
model 377 automated DNA .-sequencer equipped with GENE- 
SC\NsoFrAvare v. 3.0 tP£-Applied Biosystems, Foster Cic>*, C\). 

PCR products were si*ed aucomadcally using the 'Mocal 
Souiheni" sizing algorithm (Elder and Southern 19S7). 
After sizing of PCR products using CencScan, alleles were 
assigned using Gcnotyper software (PE-Applied Blos^temsl . 
Generally, allele assignaduiis for each locus were made on 
the basis of histogram plots consisting of 0.5-bp bins. Breaks 
between the histogram plots of >1 bp were generally consid- 
ered to constitute separation between allele bins: however, 
other criteria, such as the presence of chc noncemplate* 
directed addition of adenine (^-A addition) and naturally 
occurring l-bp alleles, were used on a marker-by-marker basis 
co define the allele dictionary. All allele scores were made 
without knowing the identities of the maize genotypes. 



RESULTS 

Tabic 2 presents die prnhabilicy of closest ancesirv of 
the top five ranking inbred lines for each of 3 hybrids 
at f* = 0.50 (Tabic *2Ai ;m<l P = 0.99 (Tabic c JBi. Proba- 
bilities of ancestry arc shi.»wn for all 34 hybrids unri tin* 
tup ran king inbred* in Figure I: P = 0.30 (Figure iai 
and /* = 0A>y (Figure Ibi. Rcsulw for tbc hvbrids pn- 
tcnted in Tabk • aiv Iranirvd at the t»p of Fivfuir I. 
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Probability of anceS(f> of hve hybrids ittinj; data obtained from 50, 100. and 19$ SSR loci 
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Hvbct.. hvbrtct: Inhrt.. inhrcrrt: Pr^b.. probiibtlin: SE. iranrhffl error, referring to thr vunubility in chc results 
of the runs; PI. iwrrm ontf; P2. (Mimic c\\t>: SPl SP2. tail <ibtinK of piirciu oik: |>iur;tM ovo: D/Pl* D/P'J. 
(lcn\:iiivrs (Kirriii <;nc: parciu r\vi>, index f for dt>tinti tnbi^d lints: DHIP2. <ieri\ucivts oflxiih purenc 011c 
ami parrnf run 
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When the algorithm used P = ().r>0. the two correct 
parenrs were identified us highest in probability for 
(W r f > hybrids (Figure It. Fur each of li hybrid* CW)3. 
Ssp'j.r ;;sfc.vj. sim>;>. t, and MtnU:U». mic parent 

ranked iu (he tup two places. The utln-i paiciu was 
supplaiiled t'iihrr h\ ;n»«vr inbred or hyan inbied thai 



was a direct progeny of that paretic. Overall* 10- i*M'? > 
or" 108 parental inbred* were correctly idem i Med, for 
hybrids where- boch parents ranked first or iccond. du- 
range of pmhabiliries K»r parental lines that ranked tiix 
from aiming all oilier inbrcds tinged from L.l n)0(> lo 
D.U997: parental !me\ ranking second ranged Imhii 
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1,01)00 it , n. 1 . Mir*:*, F*»vX> hybrids, both pun.- 1 it* had pml* 
utjiliiiL-s nl aticcliy In excess of 0,9W. i'LoUiltiliuei o! 
aie.esu-v f'»r in*up;uoiits th.it ranked in lirst "t <L-u>nd 
place* wiv IVoiu O.tj'jy*! to 0.7o54. For die majoiitv oi 

• i t ,» «• . ■ . » . • • *. ■ . • ' i 1 

H . I .• f M »ti,. . * u a. * . 1 . • * *-v . . .\< l. 

nouparentui inbred was at or below t-0t>. This indicates 
tlut there is umulIIv very little uncertainty about cluse-it 
ancestors. 

When the algorithm used F = 0.99 to examine each 
of the 34 hybrids, both parents were correctly identified 
for ¥2 (9*V^> of hybrids and for 9S% { 102 •• 104) of the 
parents across all hybrids (Figure l).Two hybrids (39 U 
and X0913A), in which one parent was not ranked in 
the top two, were also in the subset not ranked in the 
top two assuming P = 0.50 (above). In both awes their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities oF ancestry in ex- 
cess of 0.999. Among the 5 hybrids having a parent 
ranking second with a probability of ancestry below 
0.999. the lowest of these probabilities was O.S9"o a nd 
the highest probability for a third ranking nonparent 
was 0.1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increa.se programs but is possible because ^3-5 c £ of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when DNA is extracted from a bulk of 
individual plants and because inbred parents are not 
homozygous due cither to residual heterOiygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by muldple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
Ivzing data from 195 loci tend to be very small because 
there were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for more 
than two alleles. 

Marshall W"/. [19 U 8» have drawn attention to errors 
that can be encountered in ^enotypiug surveys. TIicmc 
errors include missing rLitu. null allele*, and typing er- 
rors. We therefore invi'stigatrrl the robustness of the 
algorithm by e^unmin** the effects of moriiricauims in 
the dura tor five hvhrirb i34l7. j'»^5. 3~>3o, ami 



394* M. First, we red huh I (he number mI'SSRs used, from 
llu- lull iCt of I9f> to U'li and then to :V> ^ Table 2*. l\e 
of ,V> loci generated ituoirvct rankings nf one parent 
fur each of tw<> hyhiUU i.:'»4[7 uiul 3 l Jllo and for both 
» ........ r 1,. V . : i -vii .* \" r .t i ' 

(./ <■..«. . . . .V.. ml.**. 

ranked nonparental inbred* were closely related to the 
true parents for each of the respective hybrids; i s: dith.:- 
cu t inbred lines were involved. Four were direct progeny 
of the true parents (one with additional backcrosses 
from the true parent! and two were full sisters (from a 
cross of highly related inbreds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3905. All four nonparents 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
all l9f» luci corrected the placement for one of the 
parents of hybrid 390 ;V Two inbreds that were not par- 
ents of this hybrid remained ranked more highly than 
one of the true parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to chat parent in its pedigree. 

To address the consequences of laboratory and Other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminadng 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly), We also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a sum maty of the results of making these 
modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 50 and 100 loci, tn each case, 
the program was run 20 times for each hybrid/set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hybrid and alt inbred 
lines at levels of 2, 5. 10. and 25^ of the alleles for each 
of five hybrids and all inbreds bevond the level of error 
as originally scored by the laboratory. We examined the 
effects of these levels and rvpes of error for three sizes 
of database: 50 tocL tOO loci, and all 195 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 3417. 3525, 3:>5o. 390.V and 3940. One of these 
hybrid* (3905) was chosen because one of its parents 
dUE not rank amomj the top two places even when the 
lomplt-tc and immotliticd rLuu item .ill SSR loci were 
used. 

Example* »f robustness in rite Lice i if additional error 
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|t>i ti\4* hvbiirU using suborn of r>n ami inn loci and .Ul 
It it -i are shown tu Table ? where number of parents 
unking j 1 1 r_* * rlu- top two place* are printed. Drgradu- 
in the preferential ranking "I' parent itilncrcU at a 

•■■! .1 _»V ^. ».•!■{:. :. .! -i./.i .-..i* !".,: ..if: 

hybrid (33^5) with usage of 50. 100. or All SSR loci. 
Degradation in the preferential ranking of parent in- 
bred* At a level of 25^ additional mbscowJ data, was 
shown for hybrid 3556. When both additional levels of 
missing and mis^cored data were simulated .degradation 
in the ability to preferentially rank, inbred parents oc- 
curred for all hybrids and for all sets of SSR (50. 100, 
and 193 toci) except for hybrid 3417 when data from 
195 SSR loci were used. Over all five hybrids, use of 100 
loci improved robustness from the use of 50 loci: use 
of 195 loci further improved robustness for four hybrids 
(3417, 3525, 3905, and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We alio ranked inbreds according to their probability 
of an try of hybrid* when both parents and all inbred 
derivatives and full-sister inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results are too voluminous to present here 
but can be summarized as Follows: Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hybrids: probabilities ranged from 
0.4975 to laO and most were above 0.99W. Other classes 
of inbreds that ranked in first posiuon for probability 
of ancestry- were inbreds derived directly by pedigree 
from a grandparent of the respective hybrid (DGP) for 
H% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DCGP) for 9fo Of hybrids, and one class (2% of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the greac-great-grandpar- 
ent of that hybrid- Inbreds that ranked in second posi- 
tion were related to the respecdve parents of the hybrid 
as follows; Thirty-one (57% of hybrids.) were a grandpar- 
ent of the respective hybrid, 11 (20/to) were classed as 
DGP, 7 [15%) were DCGP. 1 (2ft > was class DCCGP, 
onrl I (7^>) *cre a grcawjrand parent (GGP) of thr 
respective hybrid. Over all hybrids, two of the four 
grandparents ranked inco first and second positions for 
23 (43% of hybrids); three grandparents ranked into 
the first three positions for 5 (O'r of hybrids). There 
were no instances where all four grandparents ranked 
imo the first four positions. Thirty hybrids had a grand- 
parent ranked into firsi position using P = 0-99. The 
number of grandparents ranked into the top five posi- 
tii it rs was 93 t compared to H>rs uhen /' = n .30;. The 
number of grandparent ranking into the top two posi- 
tions was 35 (compared to 71 when P ™ 0.50), The 
mean probability of a grandparent thai ranked into the 
first pinions wa* (1 .02SS |S1> = 0,1 l34» when P = 
0.;>'> and n.nusf) (SI) = H,f)l04J when /' « 



Tin- prevalent use of paternity indices dcuu initiates 
tli.ir it N aiKaiUageou* to have explicit pnilwhiluie* nl" 
aucestn ti» distinguish among different pedigrees. ,\fn- 
Il-luIiii ttL.UA»:i pnst'de** aie rapidU bvLvnuu^ :u*'U 
tensive and cost effective to generate. Features that would 
advance ihr *iaustical analysis of molecular marker data 
to provide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestry where there 
is no <t priori information as to the identity of one (usually 
the maternal ) parent and robustness in the face of labo- 
ratory error. 

Maize inbred lines and hybrids provide a very exacting 
set of materials for evaluating the discriminatory abilities 
of molecular data and stadstical procedures that are 
employed to interpret those data. Hundreds of maize 
inbred lines of known pedigree together encompass a 
great diversity and complexirv* of pedigree relationships 
Some inbred lines can be very highly related and geneti- 
cally similar due to their derivation from common par- 
entage including from parents that are themselves highly 
related. Consequently, relationship categories such as 
"sister" or "parent" when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germplasm and molecular marker profile simi- 
larity than those of the equivalent!)- named classes of 
reladonship for animal species. Most maize hybrids that 
are widely used in the United States today are con- 
structed from pairs of inbred lines that are unrelated 
by pedigree, each inbred parent having been bred from 
a separate "pool" of germplasm. Various degrees of relat- 
edness are possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents. 

Using P ~ 0.99 in the algorithm is more specific for 
identifying parents than using P - 0.50, However. P - 
0.99 is less robust for ident'uying other relatives, such 
as grandparents. When the algorithm was run at P - 
0.50 there were 6 hybrids for which one parent did not 
rank among the top two most probable genotypes. For 
the remnining IS hvbrids the correct parents were iden- 
tified even in circumstances where other candidate in- 
breds included not only hill*sister lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the in bred parent of die hybrid. For each of 
tile 6 hybrids where a nonpatent ranked above a true 
parent, that higher ranked inbred was always either a 
sister or progeny of the outranked true parent. The 
range of pedigree relationships as expressed by the 
Malecoc coefficient of relatedness (Malkcot I94tf> thai 
was en com passer I by pairs of true parents and more 
highly Kinked inbred relatives of thr true parents wa^ 
from D.fWMl u» o «I>M>. A coefficient of 0.^:- 4 ; *o approxi- 
mates a rekuionship between inbred A and A' whrre 
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joined A' ha* been bred nom aciov* ol inhieds A and 
13 willi between unc ami luw additional I mi ki:iosM:s uf 
the parental inbred A. A \fate< ot coefficient of relation- 
ship c.j t U.'JCW tloich upjjiuxhiuiUH a icLnif >nship be- 
tween inbreds A ;uul A" where four additional back- 
c:< j »c> <^t parental ::ioic,-il A !otha\ the miu.il c:*os> ul 
in 1) reds A and B. 

Running die algorithm at ^ = 0.U9 in comparison Co 
P = 0.30 raises die probability of ancestry for the parents 
while diminishing die probabilities for the third and 
lower ranking candidate inbred lints. Lse of the alg^* 
rithm at P = 0.99 increased both the percentage of 
hybrids with both parents ranked in the first two posi- 
tions {from 89 to 96^ i and the percentage of parental 
inbreds that were ranked first and second (from 94 to 
98%). Two hybrids (3914 and X0915A} did not have 
both parents ranked first and second when the algo- 
rithm was run at P * 0,99. For both of these hybrids 
the nonparcntal inbred that outranked the true parent 
was itself a product by pedigree from the true parent 
that had been created by an additional four backciosses 
of that parent; the Malecot coefficient of relationship 
between the parent of the hybrid and Che inbred that 
outranked that parent For these two hybrids was 0.9636. 

Robustness was tested by evaluating the effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing and inisscored data up 
to combined levels of 15% error beyond that which was 
provided by the laboratory. From our experience, error* 
rates of 3 to 10% can occur in S5R profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lots and by deficiencies in the scoring 
of hecerozygotcs in hybrids. The additional levels of 
simulated error, therefore, include values (up to ^35^e 
total error) that are well outside of our experience, For 
five hybrids that were examined, increasing die number 
of loci from 50 to 100 (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds thai were not parents of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds, although they 
were not themselves the true parents of die respective 
hybrid, were either direct progeny or full sisters of the 
true parent (Table 2). Consequendy. if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parents of hybrids, then SSR data 
from 50 loci of equivalent discrimination ability are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up to lO^c additional levels of 
either missing or mis^cored data: no degradation in the 
ability to ideutifv a parent was apparent tip to the level of 
lOfo additional em >r except tor ll> c I- additional mining 
and missenrert allele* tor one hvhrid Table 3), 

However, use of U>0 loci increased die proportion of 
true parents that wore coprcdv identified from .V>^ 
(for 50 locH to 7|' r (mean correct parents over all 



.si::; 

k-irl> oi error: Table ;\). Use ol clara from \\)T> loci 
pmwttrd ^ivaLe; ro»ilic:n.y ag,iiu>L additional le-.el* of 
error. However. u<C of data from Hif> loci won unable to 
pniMde i c.^iliv*tu.y a^iin.Ni the negative effects of adding 
combined levels fut -*Vei of both missing awl misscored 
data l * ahie Al die -."*> t. toel of atichuoiial poo: data 
integrity, inbreds that were nuc related to the true parent 
of the hybrid outranked che true parent for four of the 
five hybrids. LeveU of mining or mi&scored data should, 
dierefure. be kept below lS-'JO^ (assuming a level of 
5-10^6 error in the data we analyzed prior to simulating 
additional error). 

We have previously examined the pedigrees of in- 
breds that are ranked into che first cwo positions when 
the true parents are removed from the list of candidate 
Inbred lines. Usually, direct progeny or Full sisters of 
the true parents then rank most highly (data not pre- 
sented) . We therefore examined the rankings of inbreds 
\rith respect to their ran king and probability of inclusion 
in the ancestry of each hybrid after the removal, not 
only of the true parents, but also of die progeny of the 
true parents and any full sijters of the true parents. In 
Ulcsc clrcu nuance* the granctparenw of che hybrids are 
ranked predominantly into top positions. Using P - 
0.50. a grandparent ranked into first position for 7*5 r b 
hybrids and into second position for 57% hybrids; with 
P = 0.99 a grandparent ranked into first place in 56*0 
of hybrids. At P = 0.30 two grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top two 
positions were progeny of the grandparent. A total of 
108 grandparents ranked into the top five positions 
when P - 0.30: 93 ranked into these positions when P = 
0-99. Sevcncy-one grandparents ranked into the; top two 
positions when P = 0.30; 55 grandparents ranked into 
these positions when P = 0.99. The mean probability 
of a grandparent in the top two positions wa-s 0.9iiSS 
(SD 0.14541 when P = 0.50 and 0.9930 (SD 0.0104) 
when P = 0.99. Our algorithm was written to identify 
pain of ancestors; alternative algorithms could be tai- 
lored to identify all grandparents once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity of neither parent is known. Exclusions are taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles that are examined. Het- 
erozygous candidate parents can be accommodated. 
The number of loci thai is necessary to provide a reliable 
basis of determining pedi^rre is dependent upon <he 
degree of related cuss anions parents awl nonpar^nrs 
and upon chediscruninatorv ability of the marker^*! em 
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in thfj specie* ofiiurTcst. Lsi uj-C ' J B <> -*H> compared to 
/> ^ pLclt't'tMUwlU iclctuilk'tt nunc uue p.ut'uis and 
with ;i fcrtMUrf ditt'twiLi: of probability tu third pkiced 
iitjup.uciHv ll there iCtixnuihU' ii.»tuaticv liuu the 
p ; ii LMiLs are among th«- canclkhtit; of iuhreds. then 
p = should be; used: if grrmtr robustness w rf* 
quired, then P -» 0.3<i should be used. 

Appliauioiu of our algorithm include the ideruirka- 
tion of pedigrees among individuals of plum or Animal 
species where molecular profile dutasecs exist that can 
be interpreted in rernis of segregating alleles at individ- 
ual marker loci and that provide u Sufficient power of 
discrimination. Capabilities to generate large dataseu 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorph isms. One further application of 
our algorithm is to assist in the protection of intellectual 
property that is obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees 
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What is an "Ess ntiallv Derived Variety"? 

The concept of essentially derived variety was Introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between PlentJ3rea<ie£s Sights and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while retaining the essential characteristics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somadonai variant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 
encouraging breeders developing and marketing original varieties. 



http://www.worldseed.org/FAQedv.htm 
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INTERNATIONAL CONVENTION 
FOR THE 

PROTECTION OF HEW VARIETIES OF PLANTS 



of December 2, 1961, as revised 
at Geneva an November 10 , 1977/ 
on October 23, 1978, and 
on March 19 r 1991 



adopted by the Diplomatic Conference 
on March 19, 1991 

reproduced from OPOV Publication Ko* 438(E) 
issue no. 63 of 'Plant Variety Protection" 



1991 Act of the Convention 
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Article 12 

^ n . **m-i™H«n of the Application st ,r :.' 

. * Any decision to grant a breeder's right shall require an examination foe 
compliance with the condition* under Articles 5 to 9* in the 'course of the 
examination, the Authority uy grow the variety or carry out other necessary" 
teats j cause the growing o£ the variety oc th« carrying out of other necessacy 
testa, or take into account the results of growing teats or other trials which 
have already been carried out. For the purposes of examination, the authority 
may require the breeder to furnish all the necessacy information, documents or 
Bate rial. 



Article 13 . 
Provisional Protection 

Bach Contract inn Party shall provide measures designed to Safeguard the 
interest* of the breeder during the period between the filing or the publics- 
) tion of the application for the grant of a breeder's right and the grant of 
that .right. Such measures shall have the effect that the holder of a breeder's 
right shall at leaflt be entitled to equitable remuneration from any person who, 
during the said period, baa carried out acts which, once the right is granted, 
require the breeder's authorization as provided in Article 14. A Contracting 
Party may provide that the said measures shall only take effect in relation to 
persons whom the brteder has notified of the filing of the application. 



CHAJeTEH V* 
SHE RIGHTS OP THE BHS2DIR 

Article 14 
Scope of the Breeder's Right 

(1) [ Acts in respect of the propagating material ] (a) Subject to Articles 15 
and 16, the following acts in respect of the propagating material of the pro- 
tected variety shall require the authorization of the breeder: 
(1) production or reproduction (multiplication) , 
(ii) conditioning for the purpose of propagation, 
( li i) offering foe sale, 
(iv) selling or other marketing, 

tv) exporting, 
(vi) importing, — < 

(vil) stocking foe any of the purposes mentioned in.(i) to (vi), above. 

(b) .The breeder may moke his authorisation subject to conditions and 
llmitsf lone • . 

t2) { Acts in respect of the harve sted material! Sublet to Articles IS 
And 16* the acts referred to in items (1) to (vii) of paragraph (1}(a> la 
respect ' of harvested materiel, Including entire plants and ports of plants. 
Obtained* through the unauthorized use of propagating material of the protected 
variety shall require the Authorization of the breeder, unless the breeder has 
b*d reasonable ' opportunity to exercise bis right in relation to the maid 
propagating material. 



1991 Act of the Convention 
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(3) [ Acta in respect of certain products ] each contracting Party may provide 
that, subject to Articles 15 and 16, the acta referred to in it cos (i) to (vii) 
o£ paragraph <l)(a) in respect of products made directly from harvested mate- 
rial of the protected variety falling within the provision* o£ paragraph (3) 
through the unauthorised use of the said harvested material shall require" the" 
authorization of the breeder , unless the breeder has had reasonable opportunity 
to exercise his right in relation to the said harvested material* ; 

(4) [ Possible additional acts ] Each Contracting Party nay provide that, : *ub- 
ject to Articles 13 and 16, aces otnec than those referred to in items (1) to 
(vii) of paragraph (l)(a) shall, also require the authorization of the breeder.' 

(5) [ Essentially derived and certain other varieties ] {a) The provision* of 
paragraphs (1) to (4) shall also apply in relation to 

(l) varieties which are essentially derived from the protected variety , 
where the protected variety is not itself an essentially derived variety* 

(ii) varieties which are not clearly distinguishable in accordance with 
Article 7 from the protected variety and 

(ill) varieties whose production requires the repeated use of the protected 
variety* 

(b) For the purposes of subparagraph (a)(1), a variety shall be deemed to 
be essentially derived from another variety ("the initial variety*) when 

fl) it is predominantly derived froa the initial variety, or from a variety 
that is Itself predominantly derived from the initial variety, while retaining 
the expression of the essential characteristics that result from the genotype 
or combination of genotypes of the Initial variety* 

(ii) it is clearly distinguishable from the initial variety and 
(iii) except for the differences which result from the act of derivation, it 
conforms to the initial variety in the expression of the essential characteris- 
tics that result from the genotype or combination of genotypes of the initial 
variety. 

(c) Essentially derived varieties nay be obtained for example by the selec- 
tion of a natural or induced mutant, or of a somaolonal variant # the selection 
of a variant individual fro* plants of the initial variety, baokcroising, or 
transformation by genetic engineering. 

Article 15 
Exceptions to the Breeder* a Right 

41) [ Compulsory exceptions ] the breeder's right shall not extend to 
CD acts done privately and for non-commercial purposes, 
(ii) acts done for experimental purposes and 
(iii) acts done tor the purpose of breeding other varieties, and* except 
where the provisions of Article 14(5) apply , acts referred to in Article 14(1) 
to (4) in respect of such other varieties* 

(2) [ Optional exception ] notwithstanding Article 14, each Contracting Party . 
fray* within reasonable limits and subject to the safeguarding of the legitimate * fc 
interests of the breeder/ -^restrict the breeder** right In relation to any 
variety la order to permit farmers to use for propagating purposes/ on' their 
own holdings, the product of the harvest which they have obtained by planting* 



1991 Act of the Convention a 
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Attorney Docket No. 1371 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Gerhard P. Weber Date: Dec. 10 T 2002 

Serial No.; 09/759,759 Group Art Unit: 1638 

Filed: January 12, 2001 Examiner: Ashwin D. Mehta 

For. "INBRED MAIZE LINE PH77V" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD., do hereby declare and say as follows; 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematic and Taxonomy of Maize and its Wild Relatives from Birmingham University. . 
I have a M.Sc. in the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature. 

2. I have read and understood the Office Action in the above case dated September 
4, 2002. This declaration Is in response to the Examiner's rejection under, 35 U.S.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.O § 103(a) as obvious over 
Puskaric (U.S. Patent No. 5,977,456). 

3. I have conducted an analysis of SSR marker data for inbred PH77V and the 
Inbred cited as prior art, PH1 M7. Out of a total of 1 50 SSR loci examined, which allowed 
a sampling of each chromosome, there are 37 markers that show differences between 
PH77V and PH1M7. This represents a difference for 25% for the markers tested. Of 
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these 37 markers, 19 were greater than 50 cM in distance, or unlinked on the genetic 
map. 

4. Upon crossing PH77V to any other maize line and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH77V. Assuming that (r) the 
cited prior art is used as the maize line to which PH77V is crossed, (ii) that the only 
difference between PH77V and PH1M7 are these 37 markers, and (Hi) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH77V 
progeny inbred that is the same as PH1M7 after one cycle of breeding, is 1 in 2 19 or 1 in 
524,288. Statistically it is extremely unlikely that a PH77V progeny, after one cycle of 
breeding, would be the same as PH1M7. 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH77V from PH1M7. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers. In doing so, one extrapolates 
that a percentage difference in markers Is Indicative of a difference in the whole genome. 
To assume that the only differences between PH77V and PH1M7 are for these 37 
markers, when 37 markers constitute 25% of the 1 50 SSR loci examined, is a gross and 
unrealistic assumption. Further the current maize genetic map only has approximately 

' sixty 50cM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result in an over estimate of the odds of breeding 
PH77Vfrom PH1M7. 

6. Given the difference in molecular markers between PH77V and PH1 M7, it is my 
expert opinion that PH77V and PH 1 M7 are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH77V 
developed through crossing PH77V with another plant will be distinct from PH1M7. 
Given the facts and based on my education and scientific experience, I believe that the 
Invention as claimed is not obvious nor anticipated by Puskaric (U.S. Patent No. 
5,977,456). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of th application or any patent issued thereon. 
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